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One hundred and fifty years after the first clinical use 
of chloroform, the molecular mode of action of gen- 
eral anaesthetics remains an enigma. This editorial 
highlights and discusses the significant advances 
made very recently in this field. Ligand-gated ion 
channels (LGIC), particularly the nicotinic receptor 
superfamily, have attracted much attention as model 
anaesthetic targets.’ All members of this family (nico- 
tinic, 5HT,, glycine, GABA,) are thought to form 
fast ion channels by aggregating five subunits around 
a central hydrophilic pore (fig. 1). This pentameric 
structure has been confirmed by electron microscopy 
which suggests that the channels gate (i.e. open when 
neurotransmitter is bound) by a relatively localized 
conformational change, confined to the core of the 
protein.” The macromolecular subunits themselves 
do not twist or distort their outer structure at the 
interface with the membrane bilayer. This in itself is 
of potential importance to anaesthetic researchers 
who have long sought an explanation for anaesthetic 
action in the lipophilic bulk membrane.* Lipid 
theories of anaesthetic action have been increasingly 
marginalized by researchers uncovering substantive 
evidence that proteins (first the globular luciferases 
then, increasingly, native or recombinant ion chan- 
nels) can bear saturable stereoselective sites for 
modulation by “clinical concentrations” of a broad 
spectrum of anaesthetic drugs. Furthermore, these 
drugs exhibit the same structure—activity profiles, in 
vitro at the channel targets, as they do in patients. 
The inhibitory receptors activated by GABA have 
crucial roles in regulating arousal: GABA is used as a 
transmitter at up to one-third of all CNS synapses. 
The GABA, receptor probably represents the closest 
molecular species to a unifying target for general 
anaesthetics in the brain. With the cloning of the 
receptor subunits throughout the 1980s and 1990s, 
we now know that there are many “isoforms” of the 
GABA, receptor expressed in the CNS.’* Six GABA 
subunit classes have been cloned to date, with up to 
six homologues in each. In theory, there are well in 
excess of 100 000 different permutations for a func- 
tional pentameric receptor but, in practice, 20-30 
functional combinations seems more likely.’ * These 
receptor isoforms can be expressed in oocytes or cell 
lines and subunit sensitivity of anaesthetic action has 
been sought for more than a decade. The direct ago- 
nist effects of barbiturates are demonstrably subunit- 
dependent but almost all functional (GABA- 
responsive) combinations could be modulated 
(inhibitory currents are enhanced in the presence of 
anaesthetics) by a range of anaesthetic drugs.’ An 
interesting exception was the rho receptor originally 
characterized in the retina but also present at discrete 
sites in the brain. This homoligomeric receptor 
(functional pore made up of five identical subunits) 


Molecular mechanisms of anaesthesia: light at the end of the channel? 


was insensitive to, or antagonized by, volatile anaes- 
thetics.’° The epsilon subunit was the last to be cloned 
and its anaesthetic pharmacology was revealed in an 
article in Nature last year. Co-expression of this sub- 
unit with alpha and beta appeared to totally ablate the 


_ anaesthetic sensitivity of the functional chloride 


channels. The physiological relevance of such a 
comparison is slightly obscure as there is very little 
evidence that receptors composed only of alpha and 
beta subunits exist in the brain. Just months later, 
sensitivity to barbiturates and steroids was reported 
for alphat+beta+epsilon receptors in the Proceedings of 
the National Academy of Sciences (USA), based on 
similar experiments, highlighting the scope for con- 
tradictory, protocol-dependent research results from 
different laboratories.” 

The availability of rare anaesthetic-insensitive (or 
unresponsive) cloned subunits for GABA, and 
glycine receptors cleared the way for mutagenesis 
studies and the construction of functional chimaeras. 
Large teams of multidisciplinary researchers then set 
about tracking the amino acid residues conferring 
sensitivity on the ion channel macromolecules. The 
elegant studies of Mihic and colleagues (again 
reported in Nature) revealed that specific residues in, 
or adjacent to, the GABA,—glycine receptor ion 
channel lumen (in the plane of the membrane) con- 
ferred almost absolute sensitivity to two volatile 
anaesthetics and alcohol.” In the UK, Belelli and 
co-workers (in collaboration with Whiting and col- 
leagues at Merck, Sharp and Dohme) applied a 
similar painstaking strategy to describe an almost 
identical locus for the modulatory actions of etomi- 
date at recombinant human receptors. Forman, 
Miller and Yellen had previously highlighted the 
importance of hydrophobic amino acids in the M2 
channel domain for anaesthetic potency—affinity as 
antagonists of mutated nicotinic acetylcholine recep- 
tors.” Another study implicated the large extracellular 
N-terminus of nicotinic receptors in inhibiuon by 
volatile anaesthetics.” As all of these studies were 
conducted in the invariant membranes of expression 
systems, they emphasize the importance of protein 
structure for anaesthetic recognition and net effect. 
The fact that the channel proteins have not yet been 
crystallized for x-ray studies on their fine structure 
represents a major obstacle to further progress 1n this 
area. Such crystallographic techniques should 
demonstrate if anaesthetics bind to the implicated 
residues directly or if they are important only for 
allosteric coupling. 

Will this exponential growth in understanding of 
molecular mechanisms lead to more effective or safer 
anaesthetic drugs? My personal view is that it will 
not. Anaesthetics are notoriously low-affinity and 
non-selective drugs which, I believe, underpins the 
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Figure 1 Proposed molecular structure of inhibitory ionotropic 
(GABA,-glycine) receptors in the CNS. a. All ligand-gated 10n 
channel subunits are made up of four putative transmembrane 
domains (left to right, M1-M4). The shaded transmembrane 
domain (M2, which forms the ion channel lumen) bears one of the 
novel anaesthetic sites (A).” “The other anaesthetic—alcohol- 
sensitive site (A*) is on the M3 domain (arrowed). Both sites are 
near the extracellular side of the membrane. sB: Simplified diagram 
showimg the transmembrane topography of two subunits in the 
membrane. M2 is a kinked helix which projects a hydrophobic 
amino acid into the lumen, effectively acting as the gating 
mechanism (the channel opens by a relatively localized twisting of 
M2). Anaesthetics enhance the amplitude and duration of 
inhibitory chloride currents. c: Five subunits assemble in the 
membrane to form each functional ligand-gated channel as 
shown. Many isoforms exist throughout the CNS: srx families of 
GABA, subunit have been cloned (a, B, Y, 6, e, p: each with up to 
six structurally drverse members). The anaesthetic site is shown 
(square block) near the outer mouth of the channel. D: Putative 
orientation of transmembrane domains (the fifth subunit has been 
removec for clarity) in the membrane plane: M2 1s a kinked 
amphiphilic helix. Domains 1, 3 and 4 are hydrophobic and more 
condensed (probably B-sheets). Anaesthetics (A) may bind to a 
site spamming two subunits as shown (although an allosteric effect 
on channel gating cannot be discounted). 


agent-dependent spectrum of pharmacological and 
toxicological effects seen in vivo. Much of the recent 
` interest in ligand-gated ion channels hinges on their 
sensitivity to clinical concentrations of anaesthetics. 
Voltage-gated channels and presynaptic processes 
were historically portrayed as relatively insensitive 
(being blocked only by heroic MAC-multiples). 
Much of these data were obtained in model (experi- 
mentally accessible) preparations such as the squid 
axon.” Now it is possible to study cloned voltage- 
gated Na’ channels from humans under different 
conditions of neural discharge or in distinctive ionic 
environments.” Mammalian Na* channels can be 
significantly depressed by MAC-equivalent general 
anaesthetic concentrations if the cells are tonically 
depolarized or induced to fire rapidly.” This is analo- 
gous to the actions of local anaesthetic, antiarrhyth- 
mic and anticonvulsant drugs which promote 
channel inactivation and bind preferentially to depo- 
larized—inactive channel conformations. 
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Ca” entry via voltage-gated channels (VGCC) is a 
key step in excitation-secretion coupling at pre- 
synaptic nerve terminals. A variety of anaesthetics 
have been shown to inhibit cardiovascular VGCC at 
relatively high concentrations, which may underpin 
the cardiodepressant and hypotensive actions of such 
drugs. Neural channels are also demonstrably sensi- 
tive to block by 1-4 MAC of isoflurane.” Much of 
the argument in favour of LGIC as relevant model 
anaesthetic targets hinges on their relatively high 
affinity for anaesthetics (EC,, or IC,, values are 
higher for VGCC).'” This correlates better with 
MAC-equivalent concentrations of anaesthetics in 
patients at equilibrium. The VGCC experimenters, 
or independent reviewers,” argue that their data are 
physiologically relevant based on the very steep Ca” 
dependence of transmitter release. 

The patch clamp technique is applicable even to 
the smallest mammalian nerve cell. The pioneering 
work of Takahashi and co-workers laid the founda- 
tions for impaling both presynaptic and postsynaptic 
cells in the same mammalian synapse.” Based on 
their experiments with metabotropic glutamate 
receptors, only a very small proportion of the presy- 
naptic Ca” current needs to be inhibited to pro- 
foundly impair the transynaptic signal. This 
reinforces the potential importance of presynaptic 
Ca”™ entry for clinical anaesthetic effect. Only when 
anaesthetics have been quantitatively applied to such 
a model synapse (in combination with ionophoretic 
application of glutamate to gauge postsynaptic sensi- 
tivity) will the balance of pre- vs postsynaptic pertur- 
bation become apparent. To summarize, LGIC are 
only one of a series of anaesthetic-sensitive signalling 
proteins in the brain (voltage-gated K* channels, 
high-affinity uptake systems and ATPases, in addi- 
tion to transporters, are demonstrably sensitive too). 
The NMDA glutamate receptor has long been 
acknowledged as a high affinity and stereoselective 
target for ketamine.’ 

How do we draw such disparate threads together? 
This has been attempted for many years by systems 
physiologists. Angel, painstakingly working im vivo on 
the reticular activating system, described selectively 
sensitive synaptic sites in the thalamic nuclei and in 
discrete cortical layers.” Based on the heterogenous 
effects of anzesthetics on firing pattern, he was then 
able to classify anaesthetic agents into three cate- 
gories. Neither the anatomical selectivity nor the 
physiological classification appears to reflect what is 
known about the molecular actions of the drugs. A 
methodological constraint in these otherwise techni- 
cally impressive and rigorous experiments is that the 
animals were already anaesthetized with urethane. 

By working with slices maintained at 35°C in oxy- 
genated artificial CSF, experimenters can now study 
the physiology of cells in vitro (without the need for 
background anaesthetic). The complex cyto-archi- 
tecture of the slice is preserved and this technique 
has been invaluable in the elucidation of synaptic 
physiology and plasticity. Awareness and cognitive 
processes are associated with high frequency electri- 
cal oscillations in the cortex (approximately 40 Hz). 
It has been proposed that this reflects temporal bind- 
ing of the different nuclei used to recognize a sensory 
stimulus (this occurs with virtually no phase lag). 
Synchronous binding of firing in different groups of 
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cells throughout higher centres in the brain is there- 
fore thought to underpin awareness and helps to 
filter the focus of our attention from the massive sen- 
sory bombardment with which we are continually 
faced. Whittington, Traub and Jefferys have since 
demonstrated that the synchronous 40-Hz activity in 
distinct primary relay cells in the hippocampus is 
generated by networks of inhibitory interneurones.” 
These are hard-wired to each other via GABA, 
synapses and it is the kinetics of decay of the 
inhibitory chloride current (IPSC) which dictates 
oscillatory frequency. 

Whittington, Traub and Jefferys have used this ele- 
gant system to examine the response to anaesthetic 
drugs. Barbiturates, benzodiazepines and a variety of 
induction agents (which have long been known to pro- 
long IPSC) disrupt the frequency, as predicted by theo- 
retical modelling and EEG profiles in anaesthesia.” 
Furthermore, Whittington’s group (personal commu- 
nication) have since shown distinct effects of opioids 
and dissociative anaesthetics (which respectively 
uncouple pyramidal cells from inhibitory networks or 
diminish . the excitatory drive required to trigger 
interneuronal oscillators). Here then we have a systems 
level analysis which classifies drugs according to their 
physiological and molecular actions yet has a common 
end-point (perturbation of the oscillator) which 
appears to be relevant to cognition—arousal in vivo. 

Significant progress has been made in the past 
decade. The increasing application of neurogenetic 
techniques resulting in animal strains devoid of (or 
ever-expressing) specific receptor subunits holds 
much promise to further advance (or refute) the 
above theories. This type of research requires collab- 
oration between electrophysiologists, biochemists 
and molecular biologists, in addition to a huge 
investment in time, money and equipment (by 
research councils, charities and clinical colleagues— 
chairpersons). Despite the upbeat statements in 
grant applications, I find it difficult to see how this 
type of research can impact significantly on drug 
design even in the mid- to long-term future. The 
debates will continue to rage on the relevance (and 
rank order of importance) of specific proteins and 
signalling molecules but I think it is increasingly 
unlikely that a single unifying mechanism—target for 
anaesthetic action will emerge. Along the way, we are 
making an important contribution to molecular 
neuroscience. For a new generation of well-trained, 
committed neuropharmacologists, it will remain an 
intellectual challenge and fun to be involved! 


G. LEES 
Department of Molecular Neuropharmacology 
School of Health Sciences 
University of Sunderland 
Wharncliffe Street 
Sunderland SR1 3RG 
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The Intensive Care Society and the British Journal of Anaesthesia 


When it was founded in 1970, the Intensive Care 
Society was the first professional association in the 
world for physicians involved in intensive care. Since 
then it has grown year by year to a current member- 
ship in excess of 1100. Every year the society holds 
two excellent, well-attended meetings which include 
paper and poster presentations covering a wide range 
of research and audit topics related to intensive care. 
This issue of British Journal of Anaesthesia, for the 
first time, contains the abstracts from these sessions. 

_ The journal has a long history of publishing 
abstracts of research presentations from anaesthetic 
specialist societies, such as the Anaesthetic Research 
Society, European Association of Cardiothoracic 
Anaesthesiologists and European Society of 
Angesthesiologists. Although the journal has always 
published a considerable number of articles on inten- 
sive Care topics, until now no abstracts from meetings 
primarily concerned with intensive care have 
appeared. This joint venture between the journal and 
the society thus breaks new ground, and is the begin- 
ning of a partnership which we hope will enhance the 
standing of research in the critically ill patient and 
the Intensive Care Society. This venture also under- 
lines the continuing desire of the British Journal of 
Anaesthesia to publish quality peer-reviewed articles 
within this field. Of all journals specifically covering 
emergency and critical care medicine, only two 
American journals have significantly higher impact 
factors than the British Journal of Anaesthesia. 
Knowing that abstracts will be published in a major 
journal can only improve both the quality and 
number of abstracts submitted to the meetings, 
which is to the benefit of both the society and the 
journal. 

The primary purpose of any journal is to make 
research findings available to its target audience. The 
British Fournal of Anaesthesia is delivered monthly to 
the 80% of the membership of the Intensive Care 
Society who are fellows of the Royal College of 
Anaesthetists, and to more than 90% of the clinical 
directors of intensive care units. The journal is 
available in nearly every postgraduate library in the 


country. There is no other journal which could pro- 
vide this combination of a high impact factor and 
near saturation coverage of the target audience. 

The delay between the meetings and publication of 
these abstracts has been unacceptably long, and to 
avoid this problem in future the journal and the so- 
ciety have agreed a new procedure for abstract 
presentation, with an emphasis on electronic submis- 
sions. A similar system has worked very effectively for 
the Anaesthetic Research Society for several years, 
who kindly allowed us to copy the key elements of 
their process. The abstracts can now be longer and 
more detailed. Lack of space has caused a problem in 
the past, especially with tables and figures, and the 
preparation of the abstract booklet for the meetings 
should now be simplified. Publication of the 
abstracts will initially be funded by the journal; there 
will be no charge to authors and no drain on the so- 
ciety’s charitable funds. The journal provides a simi- 
lar service for the Anaesthetic Research Society. 

At present, there is insufficient good quality intensive 
care research from UK centres to support a separate 
academic journal. However, the increasing recogni- 
tion of intensive care as a specialty coupled with an 
expanding research base and increasing interest from 
funding bodies will soon improve this situation. In 
the fullness cf time there may be enough research to 
support an academic journal of intensive care, pos- 
sibly the official journal of the society. But until such 
time, the British Journal of Anaesthesia and Intensive 
Care Society will work together and doubtless will 
both benefit from the partnership. 


J. D. YounG 
Nuffield Department of Anaesthetics 
Radcliffe Infirmary 
Woodstock Road 
Oxford OX2 6HE 


N. R. WEBSTER 
Anaesthesta and Intensive Care 
Institute of Medical Sctences 
FPoresterhill 
Aberdeen AB25 2ZD 





EDITORIAL NOTICE 


An incident of DUAL PUBLICATION, involving the British Journal of Anaesthesia and the European 


involves the following articles: 





articles and apologize unreservedly for their error. 


Journal of Surgery, bas recently been brought to the notice of the Editors-in-Chief of these two journals. It 


1. British Journal of Anaesthesia 1996; 77: 217-222. ASA classification and perioperative variables as pre- 
dictions of postoperative outcome. U. Wolters, T. Wolf, H. Stutzer and T. Schroder. 

2. European Journal of Surgery 1997; 163: 563-568. Risk factors, complications, and outcome in surgery: 
A multivariate analysis. U. Wolters, T. Wolf, H. Stutzer, T. Schroder and H. Pichlmaier. 


The authors wish to express their profound regret for the extensive duplication of data in these two 
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Sevoflurane pharmacokinetics: effect of cardiac outputT 


J. F. A. HENDRICK, A. A. J. VAN ZUNDERT AND A. M. DE WOLF 





Summary 


Sevoflurane uptake (V) can be predicted by 
the square root of time model or the four- 
compartment model. However, Vw and the 
effect of cardiac output on anaesthetic up- 
take have not been quantified clinically. After 
obtaining IRB approval and informed consent, 
34 adult patients received closed-circuit anaes- 
thesia with sevoflurane for 1 h. The end-expired 
sevoflurane concentration was maintained at 
2.6% by infusion of liquid sevoflurane into the 
breathing system. In a subgroup of 12 patients, 
cardiac output was measured every 5 min by 
thermodilution (CO group). The effect of patient 
characteristics (age, height, weight, body sur- 
face area) and cardiac output on V,,,, were deter- 
mined, and Və was compared with the 
theoretical models. In the CO group, measured 
cardiac output was used in the formulae of 


these models. A  two-exponential curve 
described average V well: Ve (ml liquid) 
=0+1.62x(1-e7 *")4+18.1x(1-0° ™"),  >0.999. 


There was no correlation between V and 
patient characteristics, except that V. was 
greater in patients with a greater cardiac output 
(?=0.36) and cardiac index (°=0.35). The rate of 
sevoflurane uptake decreased less than predicted 
by the square root of time and four-compartment 
models, even when measured cardiac output was 
used in the formulae. These findings confirm that 
the square root of time and four-compartment 
models do not accurately predict anaesthetic 
uptake. In addition, uptake of sevoflurane cannot 
be predicted by patient characteristics but was 
higher in patients with a higher cardiac output. (Br. 
J. Anaesth. 1998; 81: 495-501). 


Keywords: anaesthetics volatile, sevoflurane, pharmaco- 
kinetics, sevoflurane; equipment, breathing systems 


Theoretically, whole-body uptake of potent inhaled 
anaesthetics can be predicted from organ volume, 
organ blood flow and solubility of the anaesthetic in 
the organ.’ After measurement of the solubility of 
these agents in various tissues and organs,” computer 
simulations were used to study anaesthetic uptake, 
leading to the development of uptake models such as 
the square root of time (SqRT) model’ and the four- 
compartment (4C) model.” However, animal data 
indicate that the theoretical tissue time constants 
may not accurately describe organ uptake.* In addi- 
tion, clinical data show that desflurane and isoflurane 
uptake are different from predictions based on these 


models.** It has been speculated that the discrepan- 
cies between the clinical observations and SqRT and 
4C models are the result of factors such as changes ın 
cardiac output (CO) with surgical stimulation or 
cutaneous and visceral losses.” However, the effect of 
CO on anaesthetic uptake has not been evaluated in 
humans. In addition, sevoflurane uptake (V__.) has 
not been quantified in humans. 

Therefore, we have determined V using closed- 
circuit anaesthesia and investigated the relationship 
between V. and CO, cardiac index (CI) and other 
patient characteristics. We also compared V „pẹ with 
uptake predicted by the SqRT and 4C models using 
both calculated and measured CO in the formulae of 
these models. 


Patients and methods 


After obtaining approval from the hospitals 
Biomedical Institutional Review Board and informed 
consent, we studied 34 adult ASA I-III patients 
undergoing a variety of peripheral and abdominal 
procedures under general anaesthesia with sevoflu- 
rane in oxygen. Patient age, sex, height and weight 
were obtained, and body surface area (BSA) was cal- 
culated. 

Premedication was adjusted to patient needs. After 
preoxygenation, anaesthesia was induced with 
propofol 2.5-3 mg kg” or etomidate 0.3 mg kg’. 
Tracheal intubation was facilitated by succinyl- 
choline 1 mg kg” or vecuronium 0.08 mg kg’. 
Vecuronium was used to maintain neuromuscular 
block in all patients. After further denitrogenation 
(end-expired nitrogen concentration <3%), the circle 
system was closed and liquid sevoflurane was 
injected into the inspiratory limb of the circle system 
using a syringe pump with a volumetric accuracy of 
+2%. An end-expired sevoflurane concentration of 
2.6% (1.3 minimal alveolar concentration (MAC)) 
was achieved as rapidly as possible after the start of 
infusion of sevoflurane, and this end-expired concen- 
tration was maintained throughout the procedure by 
adjusting the infusion rate. Rapid vaporization of 
sevoflurane was ensured by heating the metal injec- 
tion port using warm air, and visual inspection of the 
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injection site revealed that after 5 min all liquid 
sevoflurane had vaporized. Oxygen flow was titrated 
to maintain the volume of the bellows constant. 
Ventilation was controlled and normocapnia was 
maintained throughout the procedure. Capnograms 
were normal in all patients, ensuring reliable end- 
expired sevoflurane concentrations. Hypotension, 
defined as a decrease in arterial pressure of more 
than 25% from baseline, was treated with i.v. fluid 
administration and ephedrine 5-mg boluses i.v. After 
1 h, the circuit was opened and the study terminated. 

Anaesthetic gas concentrations were monitored 
with a multi-gas analyser (Datex-Engstrom AS/3 
Anesthesia Delivery Unit; Datex, Helsinki, Finland). 
The sampled gases (150-200 ml min”) were redi- 
rected into the system. ADU anaesthesia machines 
(Datex-Engstrom AS/3 Anesthesia Delivery Unit; 
Datex, Helsinki, Finland) were used with soda lime 
as the carbon dioxide absorber. Leak from the anaes- 
thesia machine and breathing system during con- 
trolled mechanical ventilation with a peak inspiratory 
pressure of 30 cm H,O was measured each morning 
using a self-test. The actual leak for each patient dur- 
ing the study was calculated based on the self-test 
and measured peak inspiratory pressure, and was 
9-27 ml min”. All individual sevoflurane uptake data 
were corrected for this leak. The amount of liquid 
anaesthetic needed to load the anaesthesia system 
and an estimated functional residual capacity (FRC) 
of 2 litre with 2.6% sevoflurane was 1.3 ml of liquid 
sevoflurane. This dose is included in all data, curve 
fitting procedures and model predictions. 

In a subset of 12 patients, CO and CI were 
measured by thermodilution after placement of a 
pulmonary artery catheter (CO group). CO and CI 
were measured just before the start of infusion of 
sevoflurane and every 5 min thereafter. 

The cumulative sevoflurane dose (total amount of 
liquid anaesthetic injected over time) and end- 
expired anaesthetic concentrations were recorded 
every 1 min. Individual uptake curves and the average 
uptake curve were fitted to a series of mathematical 
models including, but not limited to, one- and two- 
exponential models (Table Curve 2D Automated 
Curve Fitting Software and Sigmaplot, Jandel, San 
Rafael, CA, USA). While a large number of equations 
accurately describe the uptake curves (f >0.999), we 
chose one- or two-exponential functions, guided by 
goodness of fit (visual inspection and r’ values, as cal- 
culated by the program), by simplicity of the function 
and by the fact that most biological processes behave 
exponentially. Exponential curve fitting yielded 
the following equations: V,_.=a,tb,x(1-e%") (one- 
exponential fit); and V__=a,+b,x(1-e*")+d,x(1-e*") 
(two-exponential fit). With the available data, the five 
parameters of the two-exponential fit could not be 
determined in all patients without the parameters 
becoming interdependent from one another. Because 
visual inspection revealed uptake at 3—60 min to be 
almost constant, and because the second time con- 
stant (112 min) of the two-exponential fit was so long 
relative to the duration of measurement (60 min), the 
individual uptake curves and the average uptake 
curve at 3—60 min were also fitted to a linear model: 
Va tbx. The parameters of the individually 
fitted curves (b,, b,, ¢,, Dy c,, d, and e,) were correlated 
with patient characteristics and in the CO group with 
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CO and CI using linear regression analysis. V_,, was 
compared with uptake predicted by the SqRT and 
4C models, using calculated CO (Brody’s formula: 
CO=0.2xweight’” litre min”) in the total patient 
population and measured CO in the CO group. The 
formulae used to calculate uptake according to the 
SqRT and 4C models are presented in appendices A 
and B. Values are presented as mean (sD). 


Results 


Patient characteristics are shown in table 1. In two 
patients in the CO group, administration of sevoflu- 
rane was discontinued after 30 min because of 
hypotension, which was the result of excessive 
peripheral vasodilatation. Their uptake data for the 
first 30 min are included in the final data analysis. No 
patient developed clinical signs of renal dysfunction 
after operation. 

Within 3-5 min, a constant end-expired sevoflu- 
rane concentration of 2.6% was obtained in all 
patients (fig. 1). There was significant inter-individ- 
ual variation in V with a coefficient of variation of 
14-17 % over time. Sevoflurane cumulative doses 
after 5, 15, 30 and 60 min are presented in table 2. 
Individual linear, one-exponential and two-exponen- 
tial curve fit parameters are presented in tables 3—5. 
A two-exponential curve was fitted in only 10 
patients without the parameters becoming interde- 
pendent. The average uptake curve (fig. 2) was also 
fitted using linear, one-exponential and two-expo- 
nential models, yielding the following equations: 
V~ (ml liquid)=2.04+0.122xz (*=0.995) (the linear 
fit for 3-60 min); V e (ml liquid)=1.34+14.29x 
(1-e°*) (r?=0.993); and Vew (ml liquid)=0+1.62x 
(1-e?*")+18.1x(1-2°™") (f >0.999). Because the 
amount of liquid anaesthetic needed to load the 
anaesthesia system and an estimated FRC of 2 litre 
with 2.6% sevoflurane was 1.3 mi, the a, intercept of 
the one-exponential fit and the sum of the a, inter- 
cept and b, of the two-exponential fit mainly 
reflected the anaesthesia system and FRC wasb-in. b, 
(the slope of the linear fit) did not correlate with age 
(°=0.01), height (7? <0.01), weight (r’°=0.08) or BSA 
(?=0.05) (table 6). The correlations between the 
parameters b,, c,, b,, c,, d, and e, of the one- and two- 
exponential fitted curves and patient characteristics, 
CO and CI were not better than those between b, 
and the same characteristics. The SqRT and 4C 
models (based on calculated CO) overestimated 
average V,_, during the initial part of the procedure 
(first 36 and 15 min, respectively), and underesti- 
mated average V thereafter (fig. 2). Similar obser- 
vations were made in individual patients. 

In the CO group, measured CO was remarkably 
stable (less than 5% variability over time) (fig. 3). 
Surgical incision did not affect CO. Average V_,, in the 
CO group was similar to that in all 34 patients (fig. 4). 
b, in the CO group was 0.126 (0.021) and did not 
correlate with height (r’ <0.01), weight (r°=0.01) or 
BSA ( <0.01) (table 6). A correlation was found 
between b, and age: b,=—0.0422+0.0025x(age) 
(?=0.35). A higher CO and CI were associated with 
a higher b, (r°=0.36 and °=0.35, respectively) (table 
6, fig. 4). The correlations between the parameters of 
the one- and two-exponential fitted curves and 
patient characteristics, CO and CI were not better 
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Table 1 Patient characteristics with calculated cardiac output (COc) and cardiac index (ClIc), and measured cardiac output (COm) and 


cardiac index (CIm). BSA=Body surface area 














Patient Age Height Weight BSA 
No. Sex (yr) (cm) (kg) mô 
1 M 17 185 64 1.85 
2 F 65 158 62 1.63 
3 M 70 169 60 1.69 
4 M 62 169 72 1.82 
5 F 52 165 86 1.93 
6 F 56 163 69 174 
7 F 24 153 67 1.65 
8 F 28 168 73 183 
9 M 67 182 79 2.00 
10 F 5 155 68 1.67 
1l F 63 166 60 167 
12 M 74 172 78 1.91 
13 F 38 160 52 1.53 
14 M 64 170 69 1.80 
15 F 74 158 56 1.55 
16 F 40 163 57 1.60 
17 M 50 186 70 1.93 
18 M 65 176 74 1.90 
19 M 65 178 65 1.81 
20 F 63 158 71 1.73 
21 M 83 170 63 173 
22 M 34 171 58 1.68 
23 M 66 174 74 1.88 
24 F 67 160 61 1.63 
25 F 47 164 60 1.65 
26 M 68 174 86 2.01 
27 F 45 156 67 1.67 
28 F 26 160 71 1.74 
29 F 53 156 75 175 
30 F 59 157 50 1.48 
31 F 39 168 72 1.82 
32 F 24 169 65 175 
33 M 65 187 65 1.88 
34 F 60 165 65 1.71 
Mean 54.4 167.2 67.1 1.75 
(sp) (17.2) (9.2) (8.5) (0.13) 


COc Cle com Clm 
(itremin™)  (htremn’m® (litre min”) (hitre min” m’) 
4,50 2.44 

4.42 2.71 3 64 2 23 
4.31 2.55 

4.94 2.71 3.83 2.10 
5.65 2.92 

479 2.74 

4.68 2.85 

4.99 2.73 

5.30 2.65 4.83 2.41 
4.74 2.83 4.80 2 87 
4.31 2.59 

5.25 275 6.00 3.14 
3.87 2.54 

4.79 2.66 

4.07 2.62 4.71 3.03 
4.12 2.57 

4.84 2.51 

505 2.66 418 2 20 
4.58 2.53 333 1.84 
4.89 2.83 2.87 1 66 
4.47 2.58 

420 251 

5.05 2 68 4.61 2 44 
4.37 2.67 

4,31 2.61 

5.65 2.81 3.59 1.79 
4.68 2.81 

4.89 2.81 

5.10 2.91 

3.76 2.54 

4.94 2.72 

4.58 2.62 

4.58 2 44 

4.58 2.68 539 3.15 
4.68 2.67 4.31 2.41 
(0.44) (0.13) (0 91) (0.53) 





than those between b, and the same characteristics. 
When measured CO data were used in the formulae 
of the theoretical models, the SqRT and 4C models 
still overestimated average V, during the initial part 
of the procedure (first 32 and 18 min, respectively), 
and underestimated uptake thereafter (fig. 5); the 
same was true for individual patients. 


Discussion 


A two-exponential curve fitted the average Vpn very 
well for procedures up to 1 h. The relatively long time 
constant (112 min) of the second exponential func- 
tion of the two-exponential curve fit indicated that 
after the 3~5-min wash-in period, the rate of sevoflu- 
rane uptake over time changed little during the first 
hour. In addition, the rate of sevoflurane uptake, or 
V per unit time (ml liquid min”), decreased less 
than predicted by the SqRT and 4C models, even 
when measured CO was used in the formulae of 
these models. The rate of uptake of isoflurane and 
desflurane also decreased Significantly less than pre- 
dicted by the SqRT model.™ It has been speculated 
that the discrepancies between the clinical observations 
and SqRT and 4C models are the result of factors such 
as changes in CO with surgical stimulation, or cuta- 
neous and visceral losses.” However, we found that 
CO did not fluctuate significantly in this clinical 
study using sevoflurane anaesthesia. After substitut- 
ing measured CO values in the formulae, both mod- 


els overestimated uptake during the initial part of the 
procedure and underestimated it thereafter. Although 
a higher CO and CI were associated with higher 
sevoflurane uptake, we found that the correlation 
between CI and b, (ĉ=0.35) was no better than 
the correlation between CO and b, (r'=0.36). 
Preliminary data for desflurane uptake appear to 
confirm these findings." Visceral and percutaneous 
losses are minimal and probably cannot account for 
the differences between our data and the theoretical 
models.” Although soda lime absorbs and degrades 


HAHAH RH tnt 


End-explred sevoflurane concn (%) 





— a a oi 
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Time (min) 


Figure 1 End-expired sevoflurane concentration over time ın all 
34 patients (mean, SD). 
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Table2 Cumulative dose of sevoflurane (CDsevo) after 5, 15, 30, 
45 and 60 mim. +Based on 30-min observations 





Patient CD,.5 CD,.15 CD30 CD_45 CD, 60 
No. (mf) (ml) (ml) (mf) (mf) 


1 2.6 3.6 4.9 6.2 73 
2 2.2 3.5 5.3 6.6 8.3 
3 2.7 4.2 59 75 8.9 
4 2.9 5.3 7.2 93 11.3 
5 2.6 4.2 6.3 7.9 9.5 
6 2.7 4.1 5.7 7.0 8.7 
7 35 5.2 7.4 9.1 11.2 
8 3.1 4.4 6.9 8.9 11.3 
9 2.2 3.8 5.9 7.7 9.4 
10 23 3.6 5.8 7.9 9.9 
11 2.3 3.7 5.5 6.6 17 
12 18 3.7 5.8 8.4 102 
13 2.6 3.4 4.9 6.3 7.6 
14 2.1 3.4 5.3 6.6 7.8 
15 2.0 3.7 6.2 8.3 10.2 
16 2.4 4.0 5.8 7.8 9.6 
17 2.6 5.0 7.6 10.3 125 
18 2.3 4.1 6.2 7.8 9.2 
19} 2.2 3.2 5.0 

20 2.1 3.1 4.7 6.0 7.4 
21 2.1 3.6 6.0 8.1 10.1 
22 2.7 3.5 4.7 6.2 7.3 
23t 2.2 3.7 5.3 

24 2.1 3.6 5.6 6.9 8.2 
25 1.9 3.3 4.9 6.4 79 
26 2.1 3.5 5.0 63 7.9 
27 2.4 5.0 7.5 9.8 12.1 
28 2.8 4.8 64 7.8 9.4 
29 2.4 4.7 6.4 8.8 11.2 
30 2.0 3.2 5.1 6.5 7.7 
31 2.5 4.8 6.8 8.8 10.4 
32 2.4 3.6 4.8 6.1 7.3 
33 2.5 3.7 5.3 6.6 7.8 
34 2.0 3.5 5.4 6.8 7.9 
Mean 2.4 3.9 5.8 7.5 9.1 


(sp) (0.4) (0.6) (0.8) (1.2) (1.5) 





Table 3 Lanear fit parameters (V__=a,+b,xt) based on 3-60-min 
observations. {Based on 3-30-min observations 


os 








Patient a, b, 

No, (ml) (ml mun”) LA 

1 2.301 0.086 0.994 
2 1.956 0.106 0.990 
3 2.345 0.114 0 992 
4 2.663 0.149 0.985 
5 2.393 0.123 0.990 
6 2.376 0.105 0.990 
7 3.079 0.136 0.992 
8 2.247 0.151 0.998 
9 1.854 0.128 0.995 
10 1.545 0.141 0.999 
MW 2.385 0.094 0.967 
12 1.107 0.158 0.997 
13 2.092 0.093 0.996 
14 1.828 0.105 0.991 
15 1.473 0.152 0.995 
16 1.800 0.130 0.997 
17 2101 0.180 0.995 
18 2.091 0.126 0.986 
19t 1.503 0.117 0.994 
20 1.690 0.096 0.998 
21 1.519 0.145 0.997 
22 2.051 0.090 0.997 
23+ 1.662 0.132 0.993 
24 1.987 0.110 0.980 
25 1.782 0.102 0.994 
26 1.860 0.100 0.994 
27 2.168 0.169 0.991 
28 2.884 0.111 0.979 
29 2.089 0.150 0.996 
30 1.673 0.107 0.990 
31 2.371 0.142 0.986 
32 2.180 0.087 0.997 
33 2.414 0.093 0.985 
34 1.853 0.108 0.986 
Mean 2.039 k 0.122 0.991 
(sp) (0.416) (0 .025) (0.007 
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Tabla 4 One-exponential fit parameters (V_.=a,+b,x(1-e%), 
Based on 30-min observations 








Patient a b, Cy 

No. (nl) (ml) (min”) 7, 

1 1.5 8.5 0.018 0.979 
2 1.3 11.9 0.014 0.990 
3 1.5 11.8 0.016 0.989 
4 1.6 15.1 0.016 0.988 
5 1.5 12.5 0.016 0.990 
6 1.5 10.4 0,018 0.984 
7 1.9 13.7 0.017 0.984 
8 1.8 33.2 0.006 0.989 
9 1.3 17.0 0.011 0.993 
10 1.3 51.9 0.003 0.994 
11 1.2 7.6 0 028 0.989 
12 0.7 33.5 0.006 0.997 
13 1.4 10.5 0.014 0.983 
14 12 11.0 0.015 0.993 
15 14 10.5 0.014 0.983 
16 13 20.2 0.008 0.993 . 
17 13 24.0 0.011 0.996 
18 1.1 11.9 0.019 0.995 
19+ 1.0 6.8 0.028 0.961 
20 13 14.1 0.009 0.989 
21 1.1 24.1 0.008 0.996 
22 1.7 16.7 0.007 0.977 
23ł 1.0 6.2 0.040 _ 0.968 
24 1.1 10.0 0.020 0.993 
25 1.2 12.6 0.012 0.988 
26 1.3 11.8 0.013 0.988 
27 1.2 18.7 0.014 0.996 
28 1 9.5 0.025 0.984 
29 1.5 31.0 0.006 0.989 
30 ra 11.8 0.014 0.992 
31 1.3 13.5 0.018 0.993 
32 1.5 10.2 0.013 0.979 
33 1.5 8.4 0.021 0.982 
34 1.0 10.4 0.018 0.994 
Mean 1.33 15.62 0.015 0.987 
(sD) (0.26) (9.56) (0.007) (0.008) 





Table 5 Two-exponential fit parameters (V__=a,+b,x(1-e°")+d, 
x(1-e**) d 


Patient a, b, A d, e r 








No. @D @D (min) @) Gin’) 

I 0.1 2.1 0.647 16.7 0.00618 0.999 

3 0.0 1.9 2.183 14.6 0.01099 0,999 

5 0.0 1.8 2.257 14.9 0.01184 0.998 

6 0.5 2.0 0.796 15.3 0.00909 0,996 

7 0.0 2.6 0.893 20.3 0.00877 0.997 - 
13 0.0 1.9 0.762 23.5 0.00451 0.999 .- 
14 0.0 1.4 2.657 12.8 0.01177 0.999 

31 0.0 16 2.875 14.9 0.01475 0.998 

32 0.0 2.0 1.918 18.0 0.00577 0.999 

33 0.0 1.9 1.294 10.3 0.01379 0.996 


Mean 0.07 1.91 1.628 16.12 0.00975 0.9980 
(sD) (0.16) (0.33) (0.847) (3.76) (0.00347) (0.0011) 


sevoflurane, we calculated that approximately 
0.2 ml h” of liquid sevoflurane would be absorbed 
and degraded under our study conditions, which is 
approximately 2% of the total uptake of sevoflurane 
after 1 h in this study.” Sevoflurane undergoes 
biodegradation, but this amount is only a fraction 
(approximately 3%) of total body uptake.” 

There are other indications that the SqRT and 4C 
models may not be accurate, as recent observations 
suggest that some of the underlying assumptions 
used in the uptake models may be incorrect or 
incomplete. The SqRT and 4C models assume that 
arterial partial pressures equal alveolar partial pres- 
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Figure 2 Cumulative sevoflurane dose (mean, sp ml liquid) in all 
34 patents and cumulative dose, as predicted by the square root of 
time (SqRT) and four-compartment (4C) models, using 
calculated cardiac output ın the formulae of these models. 


sures.’ ° This may be the basis of significant error, 
because a significant arterial to end-expired gradient 
for isoflurane has been described in humans, caused 
by deadspace ventilation, shunting and diffusion limi- 
tations.“ The arterial to end-expired partial pressure 
ratio was 0.66 after end-expired isoflurane partial 
pressure had been stable for at least 15 min.“ In 
addition, the theoretical models calculate whole body 
anaesthetic uptake based on the uptake of each 
individual organ, which can be determined from the 
volume of the organ, tissue solubility of the agent and 
organ perfusion.’ ° Assuming organ uptake is an 
exponential process when arterial concentration is 
constant, a time constant can be calculated for each 
organ or tissue group. However, brain time constants 
of desflurane, isoflurane and halothane in rabbits 
obtained in vivo differ significantly from the theoreti- 
‘cally calculated values.* Tissue-gas partition coeffi- 
cients determined on tissue homogenates from 
cadavers” may not represent solubility of an anaes- 
thetic in an organ in vive. Reported values for tis- 
sue—gas partition coefficients for isoflurane differ by 
up to 150% between studies, and the coefficient of 
variation for isoflurane tissue—gas partition coefficient 
is up to 150% (for muscle-gas partition coefficient) 
between patients.” In addition, regional blood flows 
used in the theoretical models may not be accurate. 
Finally, the theoretical models may not account for 
uptake by anatomically or functionally less well 
defined “tissue groups”. Also, inter-tissue diffusion 
may be a factor affecting uptake and distribution of 
inhaled anaesthetics, but it is unclear how this affects 
total body uptake." These arguments indicate that 


Table 6 Correlations (r,) between b, and patient characteristics, 
CO, and CI. b, represents the slope of the linearly fitted curve of 
sevoflurane uptake between 3 and 60 min BSA=Body surface 
area, CO=cardiac output, Cl=cardiac index 





All patients CO group 
Age 0.01 0.35 
Height <0.01 <0.01 
Weight 0.08 0.01 
BSA 0.05 <0.01 
co — 0.36 
CI — 0.35 
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Figure 3 Measured cardiac output (CO) in a subgroup of 12 
patents (CO group) (mean, sp). 
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Figure 4 Correlation between (a) cardiac output (CO) and 
(B) cardiac index (CT) and b, in a subgroup of 12 patients 


(CO group). b, represents the slope of the linear fit of sevoflurane 
uptake (V w) between 3 and 60 mun. 
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Figure 5S Cumulative sevoflurane dose (mean, sp ml liquid) in a 
subgroup of 12 patients (CO group), and cumulative dose, as 
predicted by the square root of ume (SqRT) and four-compartment 
(4C) models using measured cardiac output in the formulae of 
these models 
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many steps along the partial pressure cascade of 
potent inhaled anaesthetics are poorly studied. Even 
though more sophisticated uptake models exist, they 
lack sufficient experimental validation.” ™ 

Our observations have several implications. First, 
quantification of whole body uptake is important 
because it forms the basis for the general anaesthetic 
equation which determines vaporizer settings over 
time with different fresh gas flows to maintain a con- 
stant end-expired concentration.’ The relatively long 
time constant (112 min) of the second exponential 
function of the two-exponential curve fit of the aver- 
age Vo» implies that after the desired end-expired 
concentration has been obtained and maintained for 
approximately 5 min, the changes in vaporizer setting 
are minimal for the remainder of the anaesthetic, 
even if low-flow or closed-circuit anaesthesia is used. 
The increasing availability of anaesthetic gas moni- 
toring and introduction of agents with a low 
blood—gas partition coefficient may further facilitate 
low-flow anaesthesia. Second, current computer 
programs simulating anaesthetic uptake may not 
be correct because they are based on theoretical 
models, although these programs may still be 
useful to teach some basic principles of anaesthetic 
uptake. Pharmaco-economical studies comparing 
the costs of different agents and evaluating the 
cost~effectiveness of future automated low-flow and 
closed-circuit anaesthesia machines should use real 
uptake data. Third, we could not find any correlation 
between V œ and patient weight, height or BSA. 
Even though some authors found weak correla- 
tions,” most authors did not. **™ At the tissue level, 
no correlation was found between tissue—gas solubili- 
ties and age (except for a correlation between age and 
desflurane muscle-gas partition coefficient, with 
r=0.59).” Automated feedback-controlled adminis- 
tration of inhaled anaesthetics in future anaesthesia 
delivery systems based on low-flow and closed- 
circuit anaesthesia may provide a clinical solution for 
inter-individual variation in anaesthetic uptake. 
Fourth, Eger has described that when the inspired 
concentration is kept constant, the alveolar concen- 
tration of an inhaled anaesthetic increases more 
slowly when CO is greater because anaesthetic 
uptake is greater.” We also found that anaesthetic 
uptake is greater with a greater CO, but in our study 
design the end-expired concentration was kept con- 
stant, and hence the rate of increase in alveolar 
concentration was dependent on the speed of injec- 
tion and vaporization of the agent only. While a 
greater CO may slow induction (defined as the rate 
of rise of brain concentration) with the former 
technique (constant inspired concentration) and 
hasten induction with the latter (constant end- 
expired concentration), this has yet to be proved 
in vivo. When using the closed-loop feedback tech- 
nique to maintain the end-expired concentration 
constant, the rate of increase in alveolar concentra- 
tion of an inhaled anaesthetic becomes independent 
of both cardiac output and blood-gas solubility of 
the agent. 

We limited this study to 1 h because more data are 
needed to define the clinically safe combinations of 
fresh gas flow, sevoflurane concentration and dura- 
tion of administration. While closed-circuit anaesthe- 
sia with sevoflurane up to 3—5 h was found previously 
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to be safe,” more recent data urge caution because of 
the accumulation of possible nephrotoxic sevoflurane 
degradation products.” Studies using closed-circuit 
anaesthesia to determine V. during prolonged pro- 
cedures will have to be delayed until this issue has 
been clarified. 

In summary, the SqRT and 4C models were inac- 
curate in their prediction of V and their accuracy 
did not improve when measured CO was used in the 
calculations. V œ cannot be predicted by patient 
characteristics but was greater in patients with a 
higher cardiac output. 


Appendix A 


SEVOFLURANE UPTAKE ACCORDING TO THE SQUARE ROOT 
OF TIME MODEL OF LOWE AND ERNST’ 


During closed-circuit anaesthesia, uptake of a potent inhaled 
anaesthetic has been predicted by the SqRT model.’ A “unit dose” 
is taken up by the body during the first minute and during each 
subsequent time interval (3 min, 5 mm, 7 min, 9 min, 11 min, 
13 min, etc.). In addition, the “prime dose” is required to saturate 
the circuit, furctional residual capacity (FRC) and arterial deliv- 
ery system. The addition of the prime dose and unit dose over time 
result in the “cumulative dose”. 

(1) Unut dose (litre of vapour) =2xfkMACxAg xO 

(2) Prime dese (litre of vapour)=/xMAC xA yax Q+ Volx MAC 

(3) Cumulative dose (litre of vapour)=prime dosetunit 
dosexVi=fxMACxA,,.XO+VolxfxMACt2xfkxMACxAg X Oxve 

(4) Conversion of vapour into liquid: 1 litre vapour= 
MW/(24xD) licre liquid 
where f=fracucn of MAC administered (in this study 1.3); MAC= 
mimmal alveclar concentration (for sevoflurane 2%); Agg= 
blood—gas partition coefficient (for sevoflurane 0.6); Q=cardiac 
output (CO, litre min”), calculated, based on Brody: 
CO=0.2xweight (kg)°”: 4.68 (0.44) litre min” (n=34), and 
measured, ın the CO group: 4.36 (0.18) litre min” (#=12); time 
(min); Yr=square root of time; Vol=volume of circuit and FRC 
(itre); MW=molecular weight (for sevoflurane 200); D=density 
(for sevoflurane 1.505x10° g litre”). 


Appendix B 


SEVOFLURANE UPTAKE ACCORDING TO THE FOUR- 
COMPARTMENT MODEL OF EGER? 


Anaesthetic upzake by an organ at constant arterial concentration 
can be calculated when the size of the organ, solubility of the 
anaesthetic vapour in the organ and organ perfusion are known.'? 
Organs and nssues are grouped into VRG, MG, FG and VPG 
(vessel-rich group, muscle group, fat group and vessel poor group, 
respectively). VPG is ignored in the calculations because 1ts contri- 
bution to uptake during the first hour is small and because sevoflu- 
rane solubility in these tissues has not been determined. The 
amount of liquid anaesthetic needed to load the anaesthesia 
breathing system and an estimated functional residual capacity 
(FRC) of 2 litre with 2.6% sevoflurane was 1.3 ml of liquid 
sevoflurane. This dose 1s included in the model prediction. 

(1) Organ capacity (litre vapour) =/xMACxA,,,x Vo 

(2) Organ time constant (t, min)=(V,: /Q, 

(3) Organ uptake (litre vapour min )=amount deliveredx 
fraction absorbed=(C,x10xQ,)xe” 

(4) Cumuletive organ uptake (litre vapour)=(/kMACx 
hox Vxl") 
where V,=organ volume (litre); Q,=organ blood flow (litre min’); 
T=organ time constant (min); A,,,=tissue-gas partion coefficient 
(see Laster and colleagues”); 4,,,=tissue-blood partition coeffi- 
cient (see Las-er and colleagues”); C,=arterial concentration 
G&KMACxA,,)- 

In table 1a, we present the information that was used to calcu- 
late V_,, according to the four compartment model for all 34 
patients combined and for the subgroup of 12 patients ın which 
CO was measured mvasively.'?” 1,,,=0.6; 3x gives 95% organ 
saturation. 


Sevoflurane pharmacokinetics 
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Table ia V according to the four-compartment model for all 34 patients combined and for the subgroup of 12 patients in which cardiac 
output (CO) was measured invasively. '* '* A,,=0.6; 3xt gives 95% organ saturation. MG=Muscle group, FG=fat group 








+ (min) : l : 


Brain Liver 
ke 1.70 1.85 
he 1.15 1.25 
All patients combined 
; V, (litre) 1.41 3.82 
Organ capacity (ml liquid) 0.23 0.69 
~ Organ blood flow (Q, litre min“) 0.74 1.41 
+ (min) 3.23 5.02 
CO group 
V, (litre) 1.49 4.04 
Organ capacity (ml liquid) 0.25 0.72 
Organ blood flow (Q, litre min”) 0.69 1.31 
3.66 5.70 
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Spinal anaesthesia for paediatric day-case surgery: a double-blind, 
randomized, parallel group, prospective comparison of isobaric and 


hyperbaric bupivacaine 


H. Korx, K. TUOVINEN AND H. HENDOLIN 


Summary 

We have compared bupivacaine 5 mg ml”, either 
isobaric in saline 0.9% or hyperbaric in 8% glu- 
cose, for spinal anaesthesia in 100 children, aged 
2-115 months, in a double-blind, randomized, 
parallel group, prospective study. Children were 
premedicated with diazepam 0.5 mg kg” orally. 
Seventy-two children were sedated before, and 
25 children after, lumbar puncture, with either 
propofol or thiopental (thiopentone). After lum- 
bar puncture in the lateral decubitus position 
with a 24~27-gauge paediatric spinal needle, iso- 
baric or hyperbaric bupivacaine 5 mg mI” was 
injected in a dose of 0.3-0.5 mg kg” using a 
blinded procedure. Maximum cephalad extent of 
the block was tested by transcutaneous electrical 
stimulation. The success rate of the block was 
greater with hyperbaric bupivacaine (96%) com- 
pared with isobaric bupivacaine (82%) (P=0.025, 
95% confidence intervals (Cl) 0-28%). Intense 
motor block was associated with adequate sen- 
sory block. Spread and duration of sensory block 
showed a similar wide scatter in both groups. 
The highest median level of sensory block was 
T4 (range T1-12) in the isobaric group and T4 
(T1-7) in the hyperbaric group. Times to two seg- 
ment regression of block were similar: 80 
(55-190) min in the isobaric and 80 (30-190) min 
in the hyperbaric group. Cardiovascular stability 
was good. Etilefrin was administered to one 
child to treat hypotension and atropine to one 
child to treat bradycardia. The study gave an 
impression of a delayed onset time of spinal 
block, as most of the nine children who required 
either fentanyl or a sedative for a mild reaction 
to skin incision had complete block when trans- 
ferred to the recovery room after operation. Five 
children developed a mild, position-dependent 
headache. (Br. J. Anaesth. 1998; 81: 502-506). 


Keywords: anaesthetic techniques, subarachnoid; anaes- 
thetic local, bupivacaine; children; anaesthesia, paediatric; 
anaesthesia, day-case; physics, baricity 





Spinal anaesthesia produces rapid onset, profound 
and uniformly distributed analgesia with good neu- 
romusculer block. Spinal anaesthesia permits the use 
of a small dose of local anaesthetic with a low risk of 
toxicity. The, amide local anaesthetics are used regu- 
larly for spinal anaesthesia in children, and of these 
bupivacaine and lidocaine (lignocaine) are used 
almost exclusively.’ However, the duration of action 


of intrathecally injected lidocaine may be too. short 
in some children undergoing paediatric day-case 
surgery.” 

Bupivacaine is an amide local anaesthetic with a 
moderately rapid onset and a long duration of action. 
It is highly protein bound and metabolized mostly in 
the liver. Fer spinal anaesthesia, bupivacaine ts most 
commonly used as an isobaric or hyperbaric solution. 
Isobaric bupivacaine is formulated using normal 
saline as a diluent, with a specific gravity of 1.000 at 
37°C. Hyperbaric bupivacaine in 8% glucose has a 
specific gravity of 1.021 at 37°C.’ Both isobaric and 
hyperbaric bupivacaine have been used for spinal 
anaesthesia in children with good results.7* The 
hyperbaric solution has been administered more fre- 
quently: the isobaric solution has received less atten- 
tion.” ° These two bupivacaine solutions have not 
been compared previously in children. 

The aim of our study was to compare the use of 
isobaric and hyperbaric bupivacaine for spinal anaes- 
thesia in paediatric day-case surgery. We assessed 
quality and spread of analgesia and anaesthesia, time 
to regression of sensory block by two dermatomes, 
total time to recovery from block and time required 
to reach the criteria for discharge from hospital. 


Patients and methods 


The study was approved by the Ethics Committee of 
Kuopio University Hospital and conducted in accor- 
dance with the Declaration of Helsinki. Parents of 
the patients and children old enough to understand 
the study gave informed consent. We studied 100 
children, ASA I-I, aged 2-115 months, undergoing 
day-case surgery. Patients with known contraindica- 
tions to spinal puncture, such as increased intracra- 
nial pressure, haemorrhagic diathesis or infection at 
the puncture site were excluded. Children with a 
neurological disorder or allergy to bupivacaine or 
other local anaesthetics were also excluded. 

We used a double-blind, randomized, parallel 
group, prospective study design. Patients were allo- 
cated randomly to receive spinal anaesthesia with 
either isobaric (in normal saline) or hyperbaric (in 
8% glucose) bupivacaine 5 mg ml” (Astra, Sweden). 
A block randomization method of four children at 
a time was used to keep the number of subjects 





Hannu KORKI, MD, HEIKKI HENDOLIN, MD, PHD, (Department of 
Anaesthesiology and Intensive Care); Karı TUOVINEN, MSC 
(PHARM), (Department of Pharmacy); Kuopio University Hospital, 
PO Box 1777, FIN-70211 Kuopio, Finland. Accepted for publica- 
tion: May 13, 1998. 

Correspondence to H. K. 


Comparison of isobaric and hyperbaric bupivacaine 


balanced in the two groups. A dose of 0.5 mg kg’ was 
used for children less than 10 kg, 0.4 mg kg for chil- 
dren weighing 11-19 kg and 0.3 mg kg for those 
more than 20 kg. The doses selected were based on 
previous studies with spinal anaesthesia where chil- 
dren weighing less than 10 kg needed more bupiva- 
caine than those weighing more than 20 kg to achieve 
the same height and duration of block.”* Commercial 
ampoules with erased drug names were prepared and 
coded in the hospital pharmacy. Their identical 
appearance allowed blinding of the study. One study 
ampoule (No. 48) was accidentally broken. The next 
ampoule and study number were used for that child. 
The pharmacy prepared a new No. 48 ampoule 
which was used for the next child who entered the 
study and was coded as study No. 48. 

Children were not allowed solid food or milk 
products for 4-6 h before anaesthesia. Clear fluids 
were allowed up to 2 h before induction of anaesthe- 
sia. Each child was premedicated with diazepam 
0.5 mg kg” orally, up to a maximum dose of 10 mg. 
EMLA cream was used at the lumbar and venepunc- 
ture sites. An infusion consisting of 0.9% saline was 
given at 10 ml kg’ h*. Children breathed room air 
spontaneously for as long as Sp, remained >90%. 
Lv. ketoprofen 2mgkg’ or rectal paracetamol 
40 mg kg”, or both, was given for pre-emptive pain 
treatment. 

Intraoperative monitoring consisted of non-inva- 
sive arterial pressure measurements every 5 min, 
continuous ECG, ventilatory frequency, peripheral 
arterial oxygen saturation (Spo) and end-tidal 
carbon dioxide concentration, using a nasal adapter. 
Appropriate treatment was given if systolic arterial 
pressure decreased to less than 75% of preoperative 
levels, if heart rate decreased to less than 75% of 
baseline, if the Spo, decreased to less than 90% 
breathing room air or if end-tidal carbon dioxide par- 
tial pressure increased to more than 7 kPa. All 
adverse effects were recorded. 

Children who were anxious or felt uncomfortable 
after premedication or during operation were sedated 
with an i.v. bolus of thiopental (thiopentone) 2-3 mg 
kg’ followed by 1 mg kg” as needed, or propofol 
0.5-1 mg kg” followed by infusion of 2—4 mg kg” h”. 
Sedation was used in 97 children (74 children 
received propofol and 23 thiopental). Sedated chil- 
dren had a similar distribution in both groups. 
Seventy-two children were sedated before, and 25 
after, lumbar puncture, with a similar frequency in 
each group. The most common reason for sedation 
was the young age of the child (79 cases). Seven chil- 
dren were sedated because they were anxious and 11 
children expressed the wish to be sedated during 
operation. All sedated children were monitored 
closely by the anaesthetist or by an anaesthetic nurse 
using intraoperative monitoring. 

All spinal blocks were performed by the same 
anaesthetist CH. K). Lumbar puncture was per- 
formed in the lateral decubitus position using a mid- 
line approach at the L3-4 or L4—5 interspace. 
Paediatric spinal needles (50-mm long, 25-gauge 
Quincke; 25-mm long, 26-gauge Atraucan; 37-mm 
long, 27-gauge Whitacre; or 35-mm long, 24-gauge 
Sprotte) without an introducer were used for spinal 
puncture. The bevel of the needle was facing laterally, 
parallel to the longitudinal dural fibres. Correct 
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placement of the spinal needle was verified by free 
flow of cerebrospinal fluid (CSF). After injection of 
local anaesthetic, free back flow of CSF was again 
verified and the child was placed in the supine, hori- 
zontal position. 

If there were signs of inadequate anaesthesia (reac- 
tion to skin incision, increase in heart rate, arterial 
pressure or ventilatory frequency) i.v. fentanyl or 
general anaesthesia was given for supplementary 
analgesia. This was recorded and the case designated 
as failed spinal block. 

An electric stimulator (Microstim Plus, Neuro 
Technology, Houston, TX, USA) was used to evalu- 
ate the width of the analgesic area, 15 and 30 min 
after injection of the anaesthetic. The metal elec- 
trodes of the device were moved in a rostral direction 
along the surface of the trunk using continuous 
high-frequency stimulation (50 Hz, pulse width 
0.2 ms, amplitude 30-60 mA) until the patient 
responded, indicating the upper border of the anaes- 
thetic area. Amplitude was adjusted to the lowest 
level so that the response could just be elicited. The 
procedure was repeated until the level of the first 
unanaesthetized segment was confirmed. Motor 
block was assessed using a modified Bromage scale 
recording the child’s ability to flex the ankle, knee 
and hip (0=no motor block, 3=complete motor block 
of the legs and feet). 

After operation, children were transferred to the 
post-anaesthesia care unit (PACU) for continuous 
monitoring of vital signs and regression of block. 
Time to regression of block by two segments was 
tested every 5 min and the time recorded. All adverse 
effects were recorded. If the child was in pain, fen- 
tanyl 1 pg kg” i.v. was given and the time recorded. 

Patients were discharged from hospital when they 
were awake, able to walk unaided, had stable vital 
signs for at least 1 h, no pain or only mild pain, no 
nausea or vomiting and were able to tolerate clear 
fluids. Time to reach these criteria was recorded. 

Power analysis suggested that 48 children would 
be needed in each group for a 90% chance at the 
0.05 level of significance of detecting a 10% differ- 
ence in success rate between groups. Statistical tests 
used for categorical data were chi-square test and 
Fisher’s exact test. For continuous data, analysis of 
variance (ANOVA) and Student’s t test were applied 
to test the significance between means. Linear associ- 
ation between independent variables was tested by 
Pearson’s correlation. Results are presented as mean 
(sp), median, number (%) of cases and range or 95% 
confidence intervals for differences (95% CI), as 
appropriate. The level of significance was set at 
P<0.05. 


Results 


The groups were comparable in patient characteris- 
tics (table 1), procedures performed (table 2) and ın 
the characteristics of spinal puncture (table 3). 

The success rate of spinal block was higher in the 
hyperbaric compared with the isobaric group 
(P=0.025, 95% CI for difference 0-28%) (table 4). 
One child in the isobaric group did not develop sen- 
sory block and was excluded from analysis. 

There was wide variation in cephalad spread of 
sensory block in both groups (table 5). Cephalad 
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Table 1 Patients characteristics. Data are mean (sp), median 
[range] or number 








Isobaric Hyperbaric 

bupivacaine buprvacaine 

(n= 50) (n= 50) 
Sex (M/F) 43/7 41/9 
Weight (kg) 15 (6) 15 6) 

13 [6-28] 14 [6-26] 
Height (cm) 94 (20) 94 (19) 

90 [58-129] 91 [58-134] 
Age (months) 29 [2-115] 27 [3-96] 
ASA VII 36/14 39/11 


Table2 Number of operations performed in the two groups 








Isobaric Hyperbaric 

bupivacaine bupivacaine 
Operation (n= 50) (n= 50) 
Herniotomy 18 27 
Circumcision 3 3 
Orchidopexy 11 6 
Urological 4 2 
Orthopaedic 8 3 
Plastic surgery 6 9 


Table 3 Characteristics of spinal puncture in the two groups. 
Data are number of cases or median [range] 


Isobaric Hyperbaric 
bupivacaine bupivacaine 
(n= 50) (n= 50) 
Bupivacaine (mg kg”) 0.45 [0.3-0.5] 0.45 [0.3-0.5] 
Interspace used for 
spinal puncture 
L34 18 12 
1455 32 38 
Repeated skin punctures 7 5 
Redirection of needle 12 8 
Appearance of CSF 2 {1-20] 2 [1-5] 
at the hub (s) 
Time to complete 25 [5-240] 30 [10-62] 


the block (8) 


spread of anaesthesia did not correlate with the age 
of the child or dose of bupivacaine used. 

In the isobaric group, time to regression of sensory 
block by two dermatomes correlated with the inter- 
space used for spinal puncture (=0.35, P=0.025). In 
the hyperbaric group, there was no such correlation 
(r=0.07, P=0.65). There was no correlation between 
regression of block by two dermatomes and height of 
the initial block in either the hyperbaric (7=0.35, 
P=0.053) or isobaric (=0.28, P=0.13) group. 
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Table 4 Success rate of the spinal anaesthesia in the two groups. 
Data are number of cases (%). *P= 0.025, chi-square-test, 95% CI 
for difference, 0-28%. tOne case, after an initially complete block 
after 75 min 








Isobaric Hyperbaric 
bupivacame buprvacaine 
(n= 50) (n= 50) 
Sensory block 
Complete 41 (82%) 48 (96%)* 
Failure 9 (18%) 2 (4%) 
General anaesthesia 2 (4%)t 
Fentanyl i.v. 3 (6%) 1 (2%) 
Sedative i.v. 4 (8%) 1 (2%) 
Motor Block 
Complete 39 (95%) 45 (96%) ` 
Some movement 2 (5%) 2 (4%) 


Table5 Characteristics of sensory block ın the two groups. Data 
are median [range]. Times are after spinal puncture 








Isobaric Hyperbaric 
buprvacaine bupivacaine 
(n= 49) (n= 50) 
Height of sensozy block T4 [T1-T12] T4 [T1-T7] 
(dermatome) 
Time to two segment 80 [55-190] 80 [30-190] 
regression of block (min) 
Time to first dose of 125 [55-420] 110 [53-270] 
rescue analgesic (min) 
Time to discharge from 220 [100-425] 205 [120-315] 
hospital 


Duration of sensory block did not correlate with 
either dose of bupivacaine or age of the child. 

Fentanyl was administered to 52 children in the 
PACU for analgesia: 27 (55%) in the isobaric group 
and 25 (50%) in the hyperbaric group (table 5). 
Time to the first dose of analgesic was similar in both 
groups. 

Oxygen was administered to two children in the 
isobaric group and to eight in the hyperbaric group 
because Sp, decreased to less than 90%. One child in 
the hyperbaric group was given one dose of etilefrin 
(Effortil, Boehringer Ingelheim, Ingelheim am 
Rhein, Germany) during operation for hypotension. 
One child in the isobaric group was administered 
atropine in the PACU to treat bradycardia. One child 
in the isobaric group and three children in the hyper- 
baric group experienced shivering in the PACU. 
There were no differences between groups in the 
incidence of adverse effects. 

All children met the criteria for discharge from 
hospital within 7 h after spinal puncture. Median 
time was 220 min in the isobaric group and 205 min 
in the hyperbaric group. Three children in the iso- 
baric group and two in the hyperbaric group devel- 
oped a position-dependent headache with a duration 
of 1—3 days. One child also had stiffness in the neck, 
nausea, vomiting and fever. All headaches were mild 
and no epidural blood patches were performed. 


Comparison of tsobaric and hyperbaric bupivacaine 


Discussion 


In this study, the success rate of spinal anaesthesia 
was high with both isobaric and hyperbaric bupiva- 
caine. One spinal anaesthetic failed and general 
anaesthesia was required. In another, spinal anaes- 
thesia was converted to general anaesthesia because 
surgery outlasted the duration of sensory block. As 
neither thiopental nor propofol have analgesic prop- 
erties at subanaesthetic doses,’ the use of light seda- 
tion did not mask possible failed blocks. Sedatives 
are required frequently during regional anaesthesia, 
and this is especially true in small children, to pro- 
duce a calm, compliant patient. However, deep 
sedation is contraindicated as the presence of paraes- 
thesia during needle placement may not be identi- 
fied, increasing the risk of persistent neurological 
injury.” 

Several techniques have been used in children to 
assess the width of sensory block, such as reaction to 
skin incision, cold stimulus with ice, presence of 
pinprick or touch sensation, and somatosensory 
evoked potentials.’**”! In this study, transcutaneous 
electrical stimulation (TES) was used to measure the 
anaesthetic area achieved with spinal block. TES has 
been found to be equivalent to surgical incision.” 
TES is a reproducible stimulus and may be better 
than pinprick for assessment of height and duration 
of surgical anaesthesia in sedated children. However, 
it is most important to reduce the amplitude to the 
lowest possible to avoid unnecessary distress. 

Onset of spinal block with bupivacaine in infants 
has been reported to be fast (<2 min). In this study, 
onset time was not measured. However, the impres- 
sion was that in the age group 1-7 yr, onset time was 
prolonged as most of the nine children in whom fen- 
tanyl or a sedative was administered because of mild 
reactions to skin incision, had complete block by the 
end of surgery. In adults, Sanderson and colleagues” 
observed that onset of spinal block with bupivacaine 
in 8% glucose was faster than that with plain bupiva- 
caine. This may also be true in children, as more sup- 
plementation was needed in the isobaric group. The 
possible slow onset time of spinal block must be 
taken into account when test doses are used in 
epidural anaesthesia in children. Delayed spinal 
anaesthesia may develop but still not be complete 
after 30 min.“ Onset time of sensory block with 
intrathecal bupivacaine in children needs further 
study. 

Spread and duration of anaesthesia were similar 
but variable and unpredictable with both isobaric 
and hyperbaric bupivacaine. In other studies using 
bupivacaine for spinal anaesthesia in children, a simi- 
lar variability has been shown.’* With bupivacaine 
0.3 mg kg”, the mean upper level of sensory block 
was one segment lower than in our study.“ In chil- 
dren aged 1—5 yr given bupivacaine 0.4 mg kg’, 
spread of anaesthesia was similar but duration of 
block was shorter compared with our study.‘ In a 
study using isobaric bupivacaine 0.5 mg kg’, mean 
segmental spread of sensory block was T3 after 
15 min and had reached T2 after 45 min.’ However, 
duration of block was similar to our study. Mitchell 
and co-workers” compared hyperbaric and isobaric 
bupivacaine in adults at a dose of 0.42 mg kg’. They 
found no differences between the groups in mean 
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spread or duration of spinal block but the upper level 
of block varied widely from C8 to T11 with both 
solutions. 

The degree of motor block in this study was similar 
to that in previous studied in children‘ and adults,” ” 
confirming that spinal anaesthesia with bupivacaine 
produces adequate relaxation for surgery below the 
umbilicus. However, as the shortest duration of sen- 
sory block may be less than 60 min, the anaesthetist 
must always be prepared to deal with inadequate block 
and be able to convert to general anaesthesia if the 
surgery is prolonged and outlasts the block. 

Cardiovascular alterations, hypotension and 
bradycardia, are normal physiological responses dur- 
ing spinal anaesthesia because of sympathetic fibre 
block.® In children, cardiovascular stability during 
spinal anaesthesia is good." It has been recom- 
mended that Sp, should remain >94%."" However, 
in 10% of children, Spo, decreased to less than 90% 
on room air. This emphasizes the necessity for appro- 
priate respiratory monitoring and administration of 
supplementary oxygen in all patients undergoing sur- 
gical procedures under regional anaesthesia with 
sedation. In addition, it is our practice to monitor 
ventilation by measuring end-tidal carbon dioxide 
partial pressure using a nasal adaptor. 

In summary, we have demonstrated that the use of 
spinal anaesthesia in paediatric day cases was associ- 
ated with a 10% failure rate and a relatively low inci- 
dence of adverse effects. However, further work is 
required to determine if the use of spinal anaesthesia 
alone in children undergoing day-case surgery is 
associated with fewer adverse effects compared with 
general anaesthesia. 
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Comparison of epidural bolus administration of 0.25% bupivacaine and 
0.1% bupivacaine with 0.0002% fentanyl for analgesia during labour 


K. S. James, E. McGrapy, I. QUASIM AND A. PATRICK 


Summary 

We have compared analgesia during labour pro- 
vided by two epidural drug regimens, in a dou- 
ble-blind, randomized, controlled study. Group A 
received 10-ml bolus doses of 0.1% bupivacaine 
with fentanyl 2 pg mI" while group B received 
0.25% plain bupivacaine 10 ml. Analgesia pro- 
vided by both techniques was similar, but 
women in group A retained motor power in their 
legs and 60% chose to get out of bed. Duration of 
labour and time from insertion of the epidural to 
delivery was similar in both groups, but in group 
A, duration of the second stage was significantly 
shorter (P=0.0003; 95% confidence interval (Cl) 
—1.17, -0.27 h) and the incidence of forceps deliv- 
ery was lower (P=0.032 ). Maternal satisfaction 
with epidural analgesia, as assessed by VAS, was 
higher in group A (P=0.04; 95% CI -0.001, 10.001). 
(Br. J. Anaesth. 1998; 81: 507-510). 


Keywords: analgesia, obstetric; analgesic techniques, epidural; 
anaesthetcs local, bupivacaine; analgesics opioid, fentanyl 





Despite providing excellent pain relief during labour, 
epidural analgesia using local anaesthetic agents 
alone produces motor block in up to 85% of 
patients,’ reduces maternal satisfaction with analge- 
sia,’ and is associated with a prolonged second stage 
and increased incidence of instrumental delivery. 
Epidural opioids offer the possibility of analgesia 
without motor block but when used alone do not 
provide satisfactory analgesia throughout labour.*’ 
Adding an opioid to local anaesthetic solutions can 
provide effective analgesia with bupivacaine sparing 
and a reduction in motor block.’°* However, most 
investigators have used a high concentration of local 
anaesthetic (usually 0.25% bupivacaine) to initiate 
analgesia, or a larger test dose, for example 1.5-2% 
lidocaine (lignocaine) or 0.5% bupivacaine, both of 
which contribute to motor block.’’ Similarly, the use 
of epidural infusions may hinder maternal mobility. 

Collis and colleagues pioneered the “mobile” 
epidural using a combined spinal—epidural tech- 
nique. Analgesia is established with intrathecal bupi- 
vacaine 2.5 mg and fentanyl 25 ug, and maintained 
with epidural top-ups of 0.1% bupivacaine and fen- 
tanyl 0.0002%'°"; almost 50% of women are able to 
get out of bed at some point during labour.” 
However, problems associated with this technique 
include technical failure, post-dural puncture 
headache” ™ and chemical meningitis.” 

The aim of this study was to compare, in a double- 
blind, randomized study, a mobile epidural using 0.1% 


bupivacaine and 0.0002% fentanyl with a conventional 
epidural using 0.25% bupivacaine throughout labour. 


Patients and methods 


After obtaining approval from the Hospital Ethics 
Committee and written informed consent, we stud- 
ied 80 women requesting epidural analgesia in 
labour. Women who had been given systemic opioids 
within 4 h of epidural request were excluded, as were 
those with cervical dilatation greater than 4 cm. 

I.v. access was secured but no i.v. fluid load was 
given. An epidural catheter was sited at the second 
lumbar interspace using a standard midline tech- 
nique with an 18-gauge Tuohy needle. The study was 
double-blind, with randomization (computer-gener- 
ated numbers) and preparation of the epidural drug 
solutions performed by the hospital pharmacy. 
Women were allocated randomly to one of two 
groups. In group A, analgesia was established with 15 
ml of 0.1% bupivacaine with fentanyl 50 ug and 
maintained, on maternal request, with bolus doses of 
10 ml of 0.1% bupivacaine with fentanyl 2 pg ml". In 
group B, analgesia was established with 15 ml of 
0.25% plain bupivacaine and maintained with 10-ml 
bolus doses of 0.25% plain bupivacaine. 

Analgesia was measured using visual analogue scores 
(VAS) on a 100-mm line and a verbal scoring system 
(O=no pain or pressure, 1=aware of contraction but not 
painful, 2=aware of pressure or tolerable discomfort, 
3=distressing pain or pressure). Measurements were 
performed every 10 min until analgesia was established 
(verbal score of 1), and at 30 min and 1 h after the ini- 
tial dose. Thereafter, 2 hourly VAS were recorded until 
delivery. 

Motor power was assessed using a modified 
Bromage score 30 min after each top-up and at each 
request to get out of bed (score 0=no weakness, able 
to straight leg raise against resistance, 1=not able to 
straight leg raise, able to flex knee, 2=unable to flex 
knee, able to flex ankle, 3=unable to move lower 
limb). If the mother could straight leg raise against 
resistance she was allowed to get out of bed. Mode of 
delivery was recorded, as were time intervals between 
top-ups, duration of first and second stages of labour, 
and time from insertion of the epidural until delivery. 
Maternal satisfaction with analgesia was assessed 
using a VAS, 24 h after delivery. 
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Statistical analysis was performed using Minitab 
9.2. VAS pain scores for each patient were averaged 
to give one value, allowing comparison of the overall 
effect of the analgesic regimens throughout labour. 
Averaging eliminated differences in the length of 
labour. The calculation was time-weighted to elimi- 
nate bias resulting from shorter time intervals 
between VAS scores initially as analgesia was being 
established. A standard time interval of 1 h was used. 
All VAS were multiplied by the fraction of a 1-h time 
interval they covered (e.g. 30-min time intervals were 
multiplied by 0.5 and 2 h intervals by 2.0). These 
derived values were totalled and divided by the 
length of labour. Results were analysed using a t test 
for parametric data. 

Duration of labour, second stage of labour, time 
interval from insertion of the epidural until delivery, 
time interval between top-ups and maternal satisfac- 
tion with analgesia were analysed using the 
Mann-Whitney U test. Chi-square test was used to 
compare mode of delivery between groups. 

Visual analogue scores for pain during labour, 
obtained using a standard technique of on-demand 
bolus administration of 0.25% plain bupivacaine 
(measured from other work) have a mean of approxi- 
mately 20 mm (SD approximately 9 mm). We can 
assume that if VAS were increased to 30 mm (50% 
increase), this would be clinically important. To com- 
pare the two groups with a power of 0.9 to detect a 
difference at a significance level of less than 0.05, the 
sample size required was 35 patients in each group. 
We studied 40 patients in each group to allow for 
withdrawals from the study during labour. 


Results 


Seven women (five in group A, two in group B) were 
excluded from the study despite good analgesia ini- 
tially. The threshold for removal was low (women 
requesting more than two top-ups within 1 h). The 
length of time in the study before withdrawal for the 
five women in group A was 2 h 25 min to 7 h 30 min. 
The two women in group B were withdrawn at 4 h 
and 4 h 25 min. All five women in group A required 
0.5% plain bupivacaine to provide adequate pain 
relief and all subsequently delivered by Caesarean 
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section because of failure to progress in labour. Both 
women in group B required fentanyl to relieve rectal 
pressure. One subsequently had a Caesarean section 
because of failure to progress and the other instru- 
mental delivery after a long second stage. 

For time to first painless contraction, data from all 
women were used, but for mode of delivery, length of 
labour and second stage, and time between top-ups, 
only patients who completed the study were assessed 
(35 women in group A, 38 in group B). Patient char- 
acteristics (age, height, weight, parity and cervical 
dilatation when epidural was sited) were similar in 
each group. 

Times to first painless contraction (verbal scores1) 
were similar. After injection of the initial bolus, 10 
women recorded painless contractions in group A 
and 11 in group B by 10 min. By 20 min, another 
14 patients in group A and 20 in group B were pain 
free, and all women reported pain-free contractions 
by 30 min. 

Total VAS for pain throughout labour were similar 
in both groups (P=0.31; 95% confidence interval 
(CI) ~2.15, 6.63) (table 1). Although the time inter- 
val between top-ups was significantly shorter in 
group A (P=0.0001; 95% CI 10.00, 30.00), women 
in this group received significantly less bupivacaine 
(table 1). 

In group A, 39 of 40 women were assessed as able 
to get out of bed and 24 women got out of bed during 
labour. In group B, eight of 40 women were thought 
to be able te get out of bed and two got out of bed 
during labour, but none in group B retained the abil- 
ity to walk after the first top-up. 

Although satisfaction scores for labour were high 
in both groups, women in group A scored higher 
(table 1). 

The time interval between insertion of the epidural 
and delivery was similar in both groups and although 
women in group A had shorter labours, this was not 
significant (table 2). Duration of the second stage 
of labour was significantly shorter in group A 
(P=0.0003; 95% CI-1.17, -0.27) (table 2) and more 
women in this group had spontaneous vertex delivery 
(77% compared with 58%) (table 3). There were 
fewer instrumental deliveries in group A (P=0.03) 
(table 3). Caesarean section rates were similar. 


Table 1 Pain scores (VAS) as weighted-average (mean, sD) (z test), time interval between top-ups, total bupivacaine administered during 
labour, total fentanyl administered during labour and satisfaction with analgesia in labour “VAS) (median, interquartile range) 
(Mann-Whitney U test) in groups A and B. P values and 95% confidence intervals (CD) are also given 


Group A Group B P 95% CI 
VAS pain (mm) 20.52 (10.16) 18.29 (9.43) 0.31 (-2.15, 6.63) 
Time between top-ups (min) 90 (60-117.5) 110 (82.5-140) 0.0001 (10.00, 30.00) 
‘Total bupivacaine (mg) 45 (35-50) 87.5 (62.5-112.5) <0.001 (~57.51,-22.50) 
Total fentanyl (ug) 110 (90-120) 
Satisfaction with analgesia VAS (mm) 84 (75.75—-89.75) 77.5 (72.0-88 0) 0.04 (-0.001, 10.001) 








Table2 Duration of labour, first stage and second stage, and ume from insertion of the epidural to 
delivery (h) (median, interquartile range) (Mann-Whitney U test) 











Group A Group B P 95% CI 
Labour 7.33 (5.69-9.87) 8.35 (6.6-11.8) 0.17 (-3.08, 0.50) 
1st stage 6.58 (4.96-8.66) 7.17 (5.42-9.5) 0.4 (0.07, 3.16) 
2 stage 0.78 (0.33-0.96) 1.5 (0.83-2.5) 0 0003 (-1.17,-0.27) 


Epidural to delivery 5.25 (3.5-6.29) 6.2 (4.72-9.17) 0.057 (+2.733, 0.082) 
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Table 3 Method of delivery (number of women) (chi-square 
test). SVD=Spontaneous vertex delivery 














Group A Group B 

(n=35) (n=38) P 
SVD 27 22 0.08 
Instrumental 2 9 0.03 
Caesarean section 6 7 0.89 





Discussion 


We have demonstrated that with an epidural top- 
up technique using 0.1% bupivacaine with fentanyl 
2 wg mI”, analgesia was similar to that using 0.25% 
plain bupivacaine, but motor power was retained 
allowing women to mobilize. There also appear to be 
beneficial effects on the progress of labour, with a 
clinically important reduction in the length of the 
second stage and instrumental delivery rate. 

With this technique, 39 of 40 women retained 
adequate motor power to be judged able to walk 
and 60% chose to get out of bed during labour. 
Reduction in motor block allowing independent 
movement and awareness of contractions without 
pain has been shown to be popular with mothers.” 
Retention of pelvic floor sensation and motor func- 
tion may allow appropriate coordinated pushing dur- 
ing the second stage, improving rotation and descent 
of the fetal head through the pelvis. Epidural local 
anaesthetic may attenuate endogenous oxytocin 
production reducing uterine contractility during the 
second stage.” “ The significantly lower dose of 
bupivacaine required by women in group A may 
allow better uterine function and explain the shorter 
second stage of labour and reduced instrumental 
delivery rates observed in this study. These are 
important clinical findings because both a long sec- 
ond stage and instrumental delivery have associated 
morbidity for the mother,” pose a controversial 
potential risk to the baby” and negatively influence 
maternal satisfaction with the experience of labour.” 
Although epidural analgesia produces excellent anal- 
gesia, this does not automatically produce maternal 
satisfaction with labour, and less effective methods of 
analgesia have produced higher satisfaction scores.” 
We demonstrated high maternal satisfaction with 
both epidural solutions, which was significantly 
greater in the bupivacaine-fentanyl group. 

Analgesia was established (verbal score=1) by 30 
min in all women. Establishing analgesia with an 
epidural bolus is effective but takes longer than a 
combined spinal-epidural technique, which has been 
described widely.” However, it avoids the complica- 
tions of deliberate dural puncture." The time differ- 
ence between establishing spinal rather than epidural 
analgesia should be viewed in the context of the 
duration of labour and the potential complications of 
the spinal component of a combined technique. 

Comparing the two epidural solutions, we showed 
that the duration of analgesia provided by each top- 
up was significantly shorter in group A than in group 
B (table 1). This influences the management of the 
epidural with more frequent top-ups and care in rec- 
ognizing block regression to avoid loss of analgesia. 
However, the benefits of this solution are evident and 


PCEA or continuous infusion may prevent this 
potential problem. 

In summary, we have shown that establishing 
epidural analgesia in labour with 15 ml of 0.1% bupi- 
vacaine combined with fentanyl 50 pg, followed by 
top-ups of 10 ml of 0.1% bupivacaine with 0.0002% 
fentanyl, produced similar analgesia to that obtained 
from the same volume of 0.25% bupivacaine alone, 
but motor block was minimized. This may influence 
the progress of labour, decreasing the duration of the 
second stage and incidence of instrumental delivery, 
and produce high maternal satisfaction with the 
experience of labour. 
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Local anaesthetic infiltration for surgical exodontia of third molar 
teeth: a double-blind study comparing bupivacaine infiltration with i.v. 


ketorolac 


D. J. MELLOR, A. H. MELLOR AND E. M. MCATEER 


Summary 

We studied 40 patients undergoing surgical 
removal of at least two third molar teeth under 
general anaesthesia. Patients were allocated 
randomly to one of two groups: group B (n=20) 
received bupivacaine up to 2 mg kg", infiltrated 
around the inferior alveolar nerves bilaterally, 
and group K (n=20) received ketorolac 10 mg i.v. 
at the start of surgery. There were no significant 
differences between the two groups in postoper- 
ative pain scores measured at 1 h using a visual 
analogue scale. Group K had a significantly 
lower incidence of side effects related to intra- 
oral anaesthesia. Swallowing, speech and oral 
continence were significantly better. Group K 
scored higher for overall patient satisfaction, 
measured using a visual analogue scale. We 
failed to demonstrate any difference in early 
postoperative recovery (coughing, laryngospasm, 
stridor or arterial oxygen desaturation) between 
the groups. We conclude that the use of 0.5% 
bupivacaine infiltration was no more effective 
than a single 10-mg injection of ketorolac while 
giving rise to a higher rate of “minor” airway 
complications and lower patient acceptability. 
(Br. J. Anaesth. 1998; 81: 511-514). 


Keywords: anaesthetics local, bupivacaine; surgery, dental; 
pain, postoperative; non-steroidal anti-inflammatory drugs; 
analgesics non-opioid, ketorolac 





Surgical extraction of impacted upper and lower third 
molar teeth (wisdom teeth) is a procedure frequently 
carried out on an outpatient, day-stay basis.’ However, 
pain after this procedure is frequently severe’ and anal- 
gesia is necessarily a balance between achieving ade- 
quate pain relief while causing minimum side effects, 
consistent with early discharge. 

Several studies have demonstrated the efficacy of 
opioids,’ non-steroidal anti-inflammatory agents’ ° 
and local anaesthetic infiltration” in the control of 
postoperative dental pain. Each approach to postop- 
erative analgesia has its own profile of benefits and 
side effects. In particular, widespread use of intra- 
oral local anaesthetics causes difficulty with speech 
and swallowing and many feel this detracts from its 
usefulness.” Anxiety has been expressed that wide- 
spread intra-oral numbness may predispose to upper 
airway complications in the immediate postoperative 
period.” ` 

The aim of this study was to investigate the effi- 
cacy, safety and patient tolerability of the widespread 


local anaesthesia produced by bilateral inferior dental 
nerve block compared with i.v. ketorolac. 


Patients and methods 


The study was approved by the Research Ethics 
Committee of the United Leeds Teaching Hospitals 
NHS Trust and all patients gave written consent. We 
studied 40 patients, aged more than 18 yr, undergo- 
ing at least two lower third molar teeth extractions 
under general anaesthesia. Patients undergoing 
removal of upper wisdom teeth or other dental 
surgery were included only if simultaneously under- 
going bilateral lower jaw surgery. In addition to ful- 
filling our institution’s criteria for suitability for 
day-case surgery (body mass index <30 kg m” and 
ASA grade I or II) patients were excluded if they had 
a history of asthma or intolerance to non-steroidal 
analgesics or local anaesthetic agents. 

Patients were allocated randomly to one of two 
groups by opening sealed envelopes in the anaes- 
thetic room. There were 20 patients in group K 
(ketorolac) and 20 in group B (bupivacaine). On 
arrival in the anaesthetic room, electrocardiogram, 
pulse oximeter and non-invasive arterial pressure 
monitoring were instituted. After i.v. cannulation, 
anaesthesia was induced with propofol 2.5 mg kg” 
i.v. followed by another 0.5-1 mg kg" if indicated 
clinically, fentanyl lpugkg‘iv. and mivacurium 
0.2 mg kg” iv. 

The larynx was intubated using a size 6.5 or 7.0 
cuffed nasotracheal tube and anaesthesia was main- 
tained with 1-2% isoflurane and 70% nitrous oxide 
in oxygen. A water moistened throat pack was 
inserted by the anaesthetist. 

All patients were operated on by the same surgeon 
(A. H. M.). All local anaesthetic blocks were per- 
formed by the surgeon who was experienced in per- 
forming third molar extractions under both general 
and local anaesthesia. Patients in group B received 
0.5% bupivacaine i.v. to each side of the jaw, anaes- 
thetizing the inferior dental nerve. In addition, any 
other surgical areas (upper third molars) were infil- 
trated with the same solution. A maximum dose of 
bupivacaine 2 mg kg“ was used. Patients in group K 
received ketorolac 10 mg i.v. before the start of 
surgery. Placebo (normal saline) was injected in the 
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same manner to the inferior dental nerves and other 
surgical areas. Inferior dental nerve block was per- 
formed bilaterally with the patient’s mouth opened 
with a surgical prop. A 25-gauge needle was inserted 
just medial to the anterior border of the mandible, 
inside the mouth, at a point 1 cm above the occlusal 
surface of the lower third molar. Keeping the syringe 
parallel to the floor of the mouth and the syringe bar- 
rel overlying the premolars of the opposite side, the 
needle was advanced 2 cm until the mandible was 
contacted, withdrawn slightly and 2 mi of solution 
injected." Surgery was performed using a dental burr 
rather than the lingual split method.” 

At the end of surgery, the operative time was 
recorded as the total time from starting to ending 
administration of isoflurane. In addition, difficulty of 
surgery was graded I-II for each tooth removed 
(table 1). 

The patient’s lungs were ventilated with 100% oxy- 
gen until spontaneous recovery from mivacurium neu- 
romuscular block was adequate to extubate the 
trachea. Extubation was performed in the left lateral, 
head-down tilt position. It was performed by the 
blinded observer who was responsible for grading the 
quality of immediate postoperative recovery. Oxygen 
was administered by variable performance mask for 
10 min after spontaneous eye opening, and the patient 
was discharged from hospital 2 h after recovery. 

Assessments were made of the quality of recovery 
and analgesia in the immediate postoperative period. 
Quality of immediate recovery and presence of air- 
way complications in the first 10 min after operation 
were recorded by the same blinded observer and 
recorded on a four-point scale. One hour after the 
end of anaesthesia, pain was assessed using a visual 
analogue scale from 0-100 mm. At this time, assess- 
ment was made of oral continence by observing the 
patient swilling 30 ml of water in the mouth. Oral 
continence and coughing were noted and graded. 
Swallowing was tested next and graded according to 
the patient’s degree of described difficulty. Speech 
quality was assessed by the same blinded observer 
who noted the presence or absence of speech slurring 
when the patient read out a test sentence (a nursery 
rhyme). Lastly, the patient was asked to grade satis- 
faction with the whole surgical and anaesthetic expe- 
rience on a visual analogue scale. The patient was 
given identical written instructions to combine their 
experiences of numbness, difficulty in speech and 
swallowing, and amount of pain into a single satisfac- 
tion score. All postoperative assessments were per- 
formed by the same anaesthetist who was blinded to 
the anaesthetic technique used. Blinding was 
achieved by exclusion of the assessor from the anaes- 
thetizing and operating areas. The rating scale used 
by the blinded observer is shown in table 3. The 
visual analogue scoring system was explained to 
participating patients before anaesthesia. 


Table 1 Grade of surgical difficulty ın third molar exodontia 
Graded before operation from radiographs 





I=No obvious hard tissue impaction. Tooth likely to elevate 
without soft-tissue relieving incision. 

U=Hard tissue rmpaction, requiring minimal amount of bone 
removal. 

Il=Hard tissue impaction requiring moderate bone removal and 
tooth division. 





British Journal of Anaesthesia 


Analgesia for all patients comprised codeine phos- 
phate 30 mg-paracetamol 500mg combination 
tablets (maximum eight per day). This postoperative 
analgesic regimen was chosen as we felt it inadvisable 
to prescribe an oral non-steroidal anti-inflammatory 
agent without knowing which patients had received 
ketorolac. Our normal practice is to prescribe 
ibuprofen. 

Statistical analysis of the results was performed 
using an IBM personal computer with SPSS version 
6.1 for Windows. Differences were assessed for sig- 
nificance using Wilcoxon’s rank sum test for paired, 
unmatched data, Student’s t test for parametric data 
and Spearman’s rank correlation test. 


Results 


There were 20 patients in each group. There were no 
significant differences in operative time, operative 
grade, number of teeth extracted or body weight 
between the two groups (table 2). Grade of difficulty 
of extraction of each tooth was recorded and the sum 
used as an index of surgical trauma. 

There was no significant difference in the incidence 
of airway-related side effects between the groups 
(table 3) during early recovery from anaesthesia and 
surgery. However, no patient in group K suffered dif- 
ficulty with swallowing, speech or oral continence at 
1 h compared with 50% of patients in group B 
(P<0.005 for both speech and swallowing and 
P<0.01 for leakage of fluid). 

Using the Student’s z test, there was no significant 
difference between groups in VAS for pain (table 4). 


Table 2 Patient characteristics (mean (sD) or median (range)) 








Group K Group B 
Operative time (mn) 30.6 (13.5) 31.8 (10.7) 
Sum of extraction grade 6 (4-12) 6 (4-12) 
No. of teeth extracted 4 (2-6) 4 (2-4) 
Patient weight (kg) 70.1 (13.3) 69.2 (9.9) 





Table 3 Incidence of local anaesthetic-related side effects 





Group K GroupB 


Early recovery airway complications 

1=No untoward events. Saturanon >94% 14 12 

2=Munor coughing but saturation >94% 4 

3=Major coughing or laryngospasm 2 
with saturatian >94% 

4=Any situation leading to desaturation 0 1 


m O 


Leakage from mouth at 1 h 

1=No leakage 2 
2=Minor leakage 0 
3=Major leakage 0 
4=Coughing 0 


Difficulty in swallowing water at 1 h 

1=No difficulty 2 
2=Minor difficulty 0 
3=Mapjor difficulty 0 
4=Coughing 0 


Difficulty in speech at 1 h 

1=Normal speech 2 
2=Minor slurring noticeable 0 
3=Major slurring of speech 0 
4=Dhfficulty in understanding speech 0 
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Table 4 Visual analogue scores (VAS) for pain and patient 
sansfaction (mean (SD)) 








Group K Group B 
VAS pain (cm) 2.5 (2.4) ` 3.3 (1.9) 
VAS satisfaction (cm) 9.1 (0.72) 7.5 (2.0) 





However, the difference in patient satisfaction was 
significant (P<0.01). 

When pain and patient satisfaction were correlated 
with operative time, difficulty of surgery and incidence 
of side effects, the following correlations were signifi- 
cant (P<0.01): duration of surgery correlated posi- 
tively with pain scores; pain scores correlated inversely 
with patient satisfaction; and patient satisfaction cor- 
related inversely with incidence of speech impairment 
and difficulty swallowing. There was no significant 
correlation (P<0.01) between operative difficulty and 
pain or number of teeth extracted and pain, or 
between degree of pain and swallowing difficulty. 


Discussion 


In a recent survey,” it was demonstrated that there is 
a dichotomy in anaesthetic practice for removal of 
third molar teeth. Half of anaesthetists questioned 
did not use local anaesthesia as part of their anaes- 
thetic technique. Our aim was to demonstrate the 
safety, efficacy and tolerability of local anaesthetic 
when applied as a bilateral nerve block intra-orally. 

The safety aspect of intra-oral local anaesthesia is 
of particular concern to anaesthetists in the period 
immediately after reversal and emergence from 
anaesthesia. Any disruption of the protective laryn- 
geal reflexes threatens airway contamination with 
surgical debris and oral contents. One study con- 
cluded that local anaesthetic techniques are safe. 
However, this series was conducted in patients 
undergoing surgery with local anaesthesia under 
conscious sedation with midazolam. Several series of 
patients have been described who have undergone 
tonsillectomy under general anaesthesia with local 
anaesthetic supplementation.” This technique does 
not appear to be associated with an increase in the 
incidence of early postoperative airway problems and 
this is in accordance with our findings. We noted no 
significant increase in postoperative coughing, laryn- 
gospasm or stridor between groups. It is impossible 
from our sample size to conclude that this technique 
is safe and a report of life-threatening upper airway 
obstruction after the use of local anaesthesia intra- 
orally for paediatric tonsillectomy is noted.” 

The efficacy of local anaesthetic infiltration has 
been demonstrated previously.” The fact that it is 
used widely as the sole form of anaesthesia for third 
molar exodontia testifies to its effectiveness. 
However, in our study we failed to demonstrate 
improved analgesia compared with ketorolac 10 mg 
i.v. We performed the local anaesthetic blocks while 
patients were anaesthetized. After operation, we per- 
formed no formal testing of the extent of the block. It 
could be argued that our failure to achieve improved 
analgesia was a technical problem in that the appro- 
priate nerve bundles were not blocked adequately. 
However, the high incidence of side effects, such as 


speech impairment, swallowing difficulties and oral 
incontinence in group B demonstrated the high “suc- 
cess” rate in achieving neural block. Also, those with 
a high score for side effects were in no less pain than 
those with less side effects, suggesting that failure to 
achieve adequate analgesia was not caused by failure 
of the nerve blocks. While oral continence and speech 
impairment do not appear to indicate an inability to 
protect the patient’s airway and could be considered 
clinically of little relevance, these problems are of 
major concern to the patient who has difficulty 
drinking and talking after operation. The correlation 
between patient satisfaction and incidence of these 
“minor” side effects is relevant. 

Surgery for extraction of third molar teeth is fre- 
quently performed under local anaesthesia alone. 
Clearly, in this respect it is a successful technique. 
However, surgeons find it difficult to assess intraop- 
erative lingual nerve damage. When used as analgesia 
for surgery performed under general anaesthesia, the 
inability to immediately assess nerve damage after 
operation could be viewed as a further disadvantage 
of the technique. 

The tolerability of local anaesthesia compared with 
iv. ketorolac was demonstrated by the highly signifi- 
cant differences in side effects between groups K and 
B. There were significant differences in patient satisfac- 
tion between groups, with increased satisfaction in the 
ketorolac group. There were no incidences of speech, 
swallowing or oral continence problems in the ketoro- 
lac group compared with more than 50% of patients in 
the local anaesthesia group. We did not examine specif- 
ically problems associated with the use of non-steroidal 
anti-infammatory drugs. These agents have a good 
safety record in outpatient anaesthesia and the highly 
significant results demonstrated here suggest that the 
subjective and objective patient tolerability of ketorolac 
was higher than that of bupivacaine infiltration. 

In summary, we have demonstrated no significant 
difference in analgesia between our two groups. 
Instead, we demonstrated a significantly higher inci- 
dence of “minor” airway-related side effects and a 
significantly lower level of patient satisfaction in the 
local anaesthesia group. We failed to demonstrate any 
increase in early postoperative airway difficulties and, 
together with other published studies, conclude that 
the technique is probably safe. Local anaesthetic 
infiltration may have a place with non-steroidal anti- 
inflammatory agents, although we have not demon- 
strated this here. Our study suggests that ketorolac 
was a better tolerated, equally efficacious agent for 
sole use. 
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Differential onset of median nerve block: randomized, double-blind 
comparison of mepivacaine and bupivacaine in healthy volunteers} 


J. BUTTERWORTH, D. G. Rre, R. B. THOMPSON, F. O. WALKER, D. JACKSON AND R. L. JAMES 





Summary 

We have compared the delay in onset of 1% mepi- 
vacaine and 0.33% bupivacaine in different nerve 
fibre types in 10 volunteers undergoing median 
nerve blocks, in a randomized, double-blind, 
crossover study. Hot, cold, pinprick and light touch 
sensations, compound motor action potentials 
(CMAP), sensory nerve action potentials (SNAP) 
and skin temperature were recorded at 2-min 
intervals. Hot, cold, pinprick, light touch sensa- 
tions, SNAP and CMAP were significantly inhib- 
ited, and skin temperature was significantly 
increased after administration of both agents. The 
first noticeabic reduction in cold sensation was 
detected later after bupivacaine compared with 
mepivacaine, but after a delay similar to that of 
other nerve functions. Bupivacaine and mepiva- 
caine inhibited SNAP and CMAP with a similar 
time delay to steady-state. Bupivacaine produced 
steady-state inhibition of hot and cold sensations 
significantly later than mepivacaine; nevertheless, 
the sequence that sensory modalities failed, with 
few exceptions, and the extent of anaesthesia at 
40 min were similar for both agents. Our tech- 
nique provides a novel, multi-modal method of 
comparing local anaesthetics and related agents 
over time. (Br. J. Anaesth. 1998; 81: 515-521) 


Keywords: nerve, differential block, nerve, transmission, 
anaesthetics local, bupivacaine; anaesthetics local, mepiva- 
caine, anaesthetic techniques, regional 





In clinical practice, bupivacaine appears to have a 
slower onset of action than mepivacaine, but bupiva- 
caine is thought to inhibit sensory nerve fibres more 
selectively than mepivacaine.’ We hypothesized that 
these differences in nerve blocking characteristics of 
bupivacaine and mepivacaine could be measured 
during onset of block with local anaesthetic solutions 
used in clinical practice, even though these solutions 
would be expected to produce similar anaesthetic 
conditions at steady-state. We tested this hypothesis 
using median nerve blocks as a model system for 
clinical regional anaesthesia. We chose to study clini- 
cal drug concentrations, greatly reducing the possi- 
bility that we would detect steady-state differences 
between sensory modalities or between sensory 
nerve inhibition, motor nerve inhibition and skin 
temperature, such as might be observed with lesser 
degrees of nerve inhibition. That is we did not design 
our experiment to produce differential block at 
steady-state and we anticipated inhibition of all 
modalities. 


We assessed speed of onset of inhibition (over 40 
min) of median nerve fibre transmission using both 
objective and subjective data, as in previous studies. ? 
We obtained objective data (compound motor action 
potentials (CMAP), sensory nerve action potenuals 
(SNAP) and skin temperature) using standard elec- 
trodiagnostic techniques which are particularly use- 
ful for comparing inhibition of large myelinated 
motor and sensory nerve fibres. As SNAP (and 
CMAP) are composed of summated signals from 
thousands of axons, specific alteration of one sensory 
modality could conceivably occur without measur- 
able decrement in SNAP amplitude. In particular, 
sensory modalities mediated by smaller myelinated 
or unmyelinated nerve fibres can be inhibited with- 
out alteration in SNAP, which measure predomi- 
nately large (Aq) fibre activity.‘ Therefore, we also 
used somesthetic testing, the most practical means 
by which to measure local anaesthetic effects on spe- 
cific sensory modalities in humans. We assessed sub- 
jective perception of cold, hot and pinprick by 
comparing the same stimulus applied to anaes- 
thetized and unanaesthetized skin, and documenting 
the persistence of sensation after anaesthesia as a 
percentage of sensation in unanaesthetized skin. The 
validity of this “self-reporting” technique has been 
documented previously.”* Light-touch sensibility was 
quantitated in anaesthetized skin with von Frey hairs, 
which yield an explicit measurement of the threshold 
force stimulus for perception of light touch.” 


Subjects and methods 


Our study was approved by the Clinical Research 
Practices Committee. After obtaining informed con- 
sent, we studied 10 volunteers (nine females) for 
sequential median nerve blocks, and electrodiagnos- 
tic and sensory testing. No volunteer had clinical or 
electrodiagnostic findings consistent with median 
nerve dysfunction. Median age of the population was 
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32 (range 22-38) yr. Median nerves in dominant and 
non-dominant hands were studied in either order. 
Only one drug was injected at each wrist; the two 
drugs were never studied simultaneously. 
Bupivacaine and mepivacaine were injected in a ran- 
dom, blinded, crossover manner. The first drug to be 
studied was selected by the flip of a coin. The first 
wrist to be injected was selected based on the direc- 
tion in which the volunteer lay on the examination 
table. Seven specific assessments were performed 
before and after injection of mepivacaine or bupiva- 
caine. 

Objective measurements included CMAP, SNAP, 
light touch sensibility and skin temperature. A 
Nicolet (Madison, WI) Viking electrodiagnostic 
instrument was used to assess Aa sensory and motor 
fibres using orthodromic CMAP and antidromic 
SNAP.’ Supramaximal (more than 150% of the stim- 
ulus which produced maximal SNAP and CMAP 
amplitudes) electrical stimulation of the median 
nerve 2 cm proximal to the site of injection of local 
anaesthetic simultaneously elicited CMAP and 
SNAP. Belly tendon surface electrodes recorded 
CMAP from the abductor pollicis brevis muscle; ring 
electrodes at the base and distal end of the middle 
finger recorded SNAP. Amplitudes (measured from 
baseline to peak of the signal) of CMAP and SNAP 
are reported as percentage of baseline values mea- 
sured before injection of local anaesthetic. 
Unmyelinated C-fibre function was monitored mea- 
suring skin temperature at the distal end of the index 
finger with a thermistor accurate to 0.1°C. 

Subjective measurements included self-reporting 
of the perceived intensity of standard hot, cold and 
pinprick stimuli. Light touch, pinprick, and hot and 
cold sensations were tested on the proximal palmar 
surface of the third digit and compared with the 
same stimulus applied on the volar aspect of the ipsi- 
lateral forearm, halfway between the wrist and elbow. 
These two test sites were marked so that constant 
regions of skin were tested. Light touch sensibility 
was assessed using von Frey hair monofilaments 
(Stoelting Inc., Evanston, IL, USA), which deliver no 
more than a defined force before bending.’ We con- 
firmed that our von Frey hairs were appropriately 
calibrated by measuring the force required to bend 
the monofilaments on a laboratory balance. Pinprick 
sensation was tested using an opened 2-cm safety pin 
with its point into the skin just sufficiently to cause 
visible indentation. Hot and cold sensations were 
assessed using a 1x1 cm aluminum bar either cooled 
to a constant temperature of 5-7°C or heated to a 
constant temperature of 49-52°C. Temperatures 
were maintained by water baths and remained con- 
stant during each experiment. Hot and cold sensa- 
tions were recorded as a percentage of the sensation 
perceived in unanaesthetized forearm skin. 

After baseline data for all modalities were 
recorded, the wrist was cleansed with isopropyl alco- 
hol. Median nerve block was performed by inserting 
a 22-gauge needle just lateral to the palmaris longus 
tendon and through the flexor retinaculum. We per- 
formed our median nerve blocks without using an 
electrical nerve stimulator and we deliberately 
avoided producing paraesthesia. Thus it could be 
argued that we injected our local anaesthetic solu- 
tions at an unknown and variable distance from the 
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median nerve. Nevertheless, our technique has pro- 
duced consistent, successful anaesthesia in this and 
previous studies.”** Bupivacaine 0.33% or 1% mepi- 
vacaine 5 ml “both from Astra Pharmaceuticals, 
Westborough, MA, USA) were injected over 30-45 s. 
The bupivacaine solutions were formulated by dilut- 
ing 0.5% bupivacaine with sterile 0.9% saline 
(Abbott Laboratories, Chicago, IL, USA). These 
concentrations were judged to be equally efficacious 
based on widespread clinical use and on unpublished 
pilot studies in amphibian peripheral nerve.’ ® Equal 
efficacy was sought, as speed of onset is greater with 
more concentrated local anaesthetic solutions. Thus 
onset of anaesthesia is faster after injections of a solu- 
tion which vield complete anaesthesia at steady-state 
compared with a less concentrated solution. A mean- 
ingful comparison between two compounds would 
require that they are presented in concentrations 
which would yield a similar extent of block at steady- 
state (equivalent efficacy). All assessments were per- 
formed every 2 min over 40 min. 

In a power analysis before collecting our data, we 
assumed that there would be a mean difference of 10 
min between bupivacaine and mepivacaine in the 
time delay until steady-state effects after hot, cold 
and pinprick sensations were achieved. We assumed 
an sD of 10 min, B=0.90 and a=0.05. Using paired 
data to test (one-sided) if mepivacaine was faster 
than bupivacaine, we estimated that nine volunteers 
would be needed. 

Data are presented as median (confidence inter- 
vals). Non-parametric statistical tests were used 
throughout as our subjects often became insensible 
to light touch (with von Frey hairs), even with our 
maximal stimulus, and parametric tests cannot func- 
tion with “infinite” values. Although many of our 
assessment techniques produced data that did not 
deviate significantly from a Gaussian distribution, 
data from other assessment techniques were clearly 
not normally distributed. For consistency, we elected 
not to use parametric techniques for some and non- 
parametric for others. The presence of a monotonic 
drug effect over time was indicated when significant 
Spearman’s rank correlations were found between 
change in measurement and experimental time 
(measured from the time of drug injection). Data 
were compared between drugs using four measures: 
(1) time delay from drug injection until measure- 
ment declined or increased to within 10% of the 
steady-state measurement (values recorded 40 min 
after injection of local anaesthetic were assumed to 
be steady-state measurements as nearly every mea- 
surement had reached its nadir or zenith well before 
this time); (2) time delay after drug injection until 
the first noticeable differences were recorded (only 
for sensory modalities where subjective responses 
were recorded); (3) drug effect measured at 40 min; 
and (4) median drug effect during the course of the 
experiment using the area under the drug effect vs 
time curve. The latter comparison is analogous to a 
repeated measures analysis of variance, but for non- 
parametric data. Using this technique, anaesthetics 
which produced greater inhibition of hot, cold, pin- 
prick, SNAP or CMAP had /ess area under the effect 
vs time curve; anaesthetics which produced greater 
inhibition of light touch had greater area under the 
effect vs time curve. Changes in skin temperature 
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were not assessed using this technique as skin tem- 
perature usually declined before increasing (as dis- 
cussed above), making any calculation of effect—time 
area uninterpretable. 

Electrophysiological data were reported as per- 
centage of baseline amplitude. Light touch was 
reported as absolute threshold (measured in mN). 
Paired Fisher’s sign test was used to compare drug 
effects, using one-sided tests for onset differences 
between drugs (testing our hypothesis that mepiva- 
caine was faster) and two-sided tests for comparing 
steady-state drug effects (as our null hypothesis was 
that the two drug concentrations were equipotent at 
steady-state). Paired Fisher’s sign test was also used 
to compare the two local anaesthetics at steady-state, 
using sensory failure (inability to sense hot, cold, 
pinprick or light touch) as our test criterion. No 
corrections were made to P values; however, to 
account for multiple comparisons, we arbitrarily 
assigned P<0.025 as our threshold for statistical sig- 
nificance. : 


Results 


Data were collected after injection of both bupiva- 
caine and mepivacaine in all 10 volunteers. In the 
study population as a whole, median perceived inten- 
sity of cold, hot and pinprick sensations declined sig- 
nificantly (P<0.001) over time after both bupivacaine 
and mepivacaine (fig. 1). Each volunteer showed sig- 
nificant declines in cold, hot and pinprick sensations 
except for one individual (P=0.10 after mepivacaine 
but P=0.02 after bupivacaine for hot sensation). 
Repeated presentation of the same stimulus could 
lead to accommodation and a decrease in perceived 
intensity. Nevertheless, our subjects identified no 
consistent alteration in stimulus intensity in unanaes- 
thetized skin. Bupivacaine and mepivacaine signifi- 
cantly increased the threshold stimulus for 
perception of light touch, both overall (P<0.001 for 
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Figure 1 Effects of mepivacaine and bupivacaine on perception 
of pinprick, hot and cold. Subjects described the intensity of 
stimul ın anaesthetized skin as a percentage of perceived intensity 
in a constant region of unanaesthetized skin. Initially, perceived 
intensity was the same at the two sites, which was recorded as 
100%. Bupivacaine had a significantly slower onset of mhibition 
for hot, pinprick and cold sensibility than mepivacaine. All data are 
reported as medians. $ 
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all subjects together) and for each subject individu- 
ally (fig. 2). SNAP and CMAP declined significantly 
(P<0.001) after bupivacaine and mepivacaine, both 
for all subjects and for each volunteer individually 
(fig. 3). 

Both drugs significantly increased skin tempera- 
ture (P<0.001). Skin temperature usually declined 
immediately, but only briefiy, after local anaesthetic 
injection (fig. 4). 

During onset of anaesthesia, there was no signifi- 
cant difference between the two agents in the time 
delay until a first noticeable decline in pinprick, hot 
and light touch sensations was detected by our vol- 
unteers (table 1). In contrast, a change in cold sensa- 
tion was detected a median 2 min later after 
bupivacaine than after mepivacaine, and this differ- 
ence was statistically significant (P=0.008). 

The two drugs achieved maximal inhibition of 
light touch sensation after similar time delays 
following injection (table 2, fig. 2). In contrast with 
the other modalities, skin temperature had not 
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Fagure2 Effects of mepivacaine and bupivacaine on threshold for 
light-touch sensation assessed usmg von Frey hairs. The threshold 
increased significantly after both agents. After mepivacaine, five of 
10 subjects had complete loss of hght-touch sensation, whereas 
none of 10 subjects lost light-touch sensation after bupivacaine 
(P=0.01, Fisher’s exact test). Data are reported as median 
threshold for light touch. 
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Figure 3 Effects of bupivacaine (Bup.) and mepivacaine (Mep ) 
on sensory nerve action potentials (SNAP) and compound motor 
action potentials (CMAP). Data are presented as percentage of 
the initial amplitude of the orthodromic action potential waveform 
elicited by supramaxnnal stimulation of the median nerve. 
Mepivacaine depressed CMAP marginally faster than 
bupivacaine. At steady-state, inhibition was similar after the two 
agents. There were no significant differences between the agents in 
inhibition of SNAP. All data are presented as median values. 
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Figure 4 Effects of mepivacaine and buprvacaine on skin 
temperature. Data are presented as absolute temperature change 
CC) compared with baseline measurements. Differences between 
bupivacaine and mepivacaine were not significant. Consistent with 
our experience with lidocaine, most subjects demonstrated an 
initial decline in skm temperature, presumably from a sympathetic 
response to pain on injection, before demonstrating an increase in 
skin temperature as a result of presumed C-fibre (or preganglionic 
B fibre) inhibition and vasodilatation. Data are reported as median 
values. 


always reached its zenith by the 40-min measure- 
ment (fig. 4) after injection of either mepivacaine or 
bupivacaine. Steady-state inhibition of hot and cold 
sensation was observed significantly later after bupi- 
vacaine than after mepivacaine (table 2, fig. 1). 

The rate and extent of inhibition by bupivacaine 
and mepivacaine were also evaluated by comparing 
the area under the effect vs time curve (table 3). 
Pinprick, cold and light touch sensations showed sig- 
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nificantly less inhibition after bupivacaine compared 
with mepivacaine. 

Drug effects measured at 40 min were also com- 
pared. In general, there were no significant differ- 
ences between the agents at 40 min (steady-state). 
After bupivacaine, the threshold approached the 
maximal value for light touch in only one volunteer 
(von Frey hair technique), and no subject lost the 
ability to sense light touch. After mepivacaine, the 
threshold for light touch sensation increased above 
the maximal value (von Frey hair technique) in five 
of 10 volunteers (P=0.01, Fisher’s exact test). 
Nevertheless, median steady state light touch thresh- 
olds were not significantly different between the two 
local anaesthetics (fig. 2). 

The rate and extent of inhibition of the various sen- 
sory modalities and electrodiagnostic tests produced 
by bupivacaine and mepivacaine were also compared 
using the area under the effect vs time curve (table 4). 
Using this technique, pinprick sensation was inhib- 
ited significantly less than hot sensation after bupiva- 
caine and mepivacaine. Hot sensation was inhibited 
to a significantly greater extent than SNAP and 
CMAP after both agents, and to a greater extent than 
cold after bupivacaine. Cold sensation was inhibited 
to a significantly greater extent than SNAP and 
CMAP after mepivacaine but not after bupivacaine. 
No other comparisons approached statistical signifi- 
cance. We did not compare light touch sensation or 
skin temperature with other modalities because our 
measurements of the former (in contrast with the 
other modalities) increased over time. Measurements 
of the latter were not monotonic and also demon- 
strated increased values at the 40-min measurement 
relative to starting measurements. 


Table! Comparison of mepivacaine with bupivacaine on median latency of first nouceable difference in sensation. All 
data are presented as median time delay. P values were calculated for one-way Fisher’s sign test (to test 1f mepivacaine 
produced a “just noticeable” difference sooner than buprvacaine). Differences were celculated using paired data from 
each subject, subtracting the time delay after mepivacaine from the tume delay after bupivacaine 




















Mepivacaine Bupivacaine Median difference 
Modality (median) (range) (median) (range) (median) (range) P 
Pinprick 4 (2, 10) 2 (2, 10) -2 (-8,8) 0.25 
Hot 4 (2, 6) 2 (2, 8) 0 (-2, 4) 0.66 
Cold 2 (2, 4) 4 (2, 20) 2 (-18, 0) 0.008 
Light touch 7 (2, 14) 5 (2, 32) 1 (-6, 26) 0.5 


Table 2 Comparison of mepivacaine with bupivacaine on median time delay until steady-state inhibition 

measured. All data are presented as median. P values were calculated for one-way Fisher’s sign test (to test 1f mepivacaine 
achieved steady-state inhibition sooner than bupivacaine). Differences were calculated using paired data from each 
subject, subtracting the time delay after meprvacaine from the time delay after bupivacaine. SNAP=sensory nerve acton 
potentials; CMAP=compound motor action potentials; Skin temp.=skin temperature 

















Meprvacame Bupivacaine Median difference 

Modality (median) (range) (median) (range) (median) (range) P 

Pinprick 14 (4, 36) 22 (14, 40) 9 (-6, 28) 0.055 
Hot ll (2, 34) 18 (4, 38) 11 (-22, 24) 0.020 
Cold 9 (2, 36) 26 (8, 40) 11 (0, 32) 0.020 
Light touch 30 (10, 40) 31 (2, 40) -2 C30, 30) 0.500 
SNAP 26 (10, 40) 33 (18, 40) 8 (-22, 20) 0.410 
CMAP 19 (6, 38) 35 (20, 40) 14 (-18, 24) 0.055 
Skin temp. 38 (0, 40) 38 (0, 40) 2 (-40, 20) 0.140 














Onset of median nerve block 519 


Table 3 Comparison of mepivacaime with bupivacaine on overall drug effect compared using area under effect vs time curve All data are 
presented as median (in effect-time area). Effect—-time area was calculated using percentage of baseline (unanaesthetized) values as the effect 
for pınprick, hot, cold, SNAP and CMAP. The light touch effect was recorded as threshold force (mN). Less area denotes a greater reduction 
in pmnprick, hot, cold, SNAP or CMAP. Greater area denotes greater inhibition of light touch. P values calculated for two-way Fisher’s sign 
test. Differences were calculated using paired data from each subject subtracting mepivacaine effecttime area from bupivacaine effect-time 
area. SNAP=Sensory nerve action potentials; CMAP=compound motor action potentials 


Meprvacaine Bupivacaine Median difference 

Modality (median) (range) (median) (range) (median) (range) P 
Pinprick 955 (238, 2705) 1902 (629, 3661) 795 (~726, 2267) 0.022 
Hot 599 (190, 1937) 1086 (254, 3384) 482 (-1040, 2199) 0.11 
Cold 662 (206, 2210) 1825 (658, 3125) 1033 (-146, 2106) 0.022 
Light touch 186 (141, 240) 143 (121, 178) -37.5 (-86, 11) 0 022 
SNAP 1130 (500, 3328) 1820 (1067, 3629) 779 (-2210, 2077) 0.34 
CMAP 1152 (299, 3192) 2330 (860, 4140) 1567 (-1636, 3620) 0.34 


Table 4 Comparisons of median overall drug effects measured as area under the effect vs time curves (% min) SNAP=Sensory nerve 
action potentials; CMAP=compound motor action potentials. All data are presented as medians (first modality—-second modality) in units of 
% min. Stanstical comparisons were performed using paired data from each subject. A positive value indicates that the first modality was 
inhibited less than the second modality over the course of the experiment 



































Mepivacaine Bupivacaine 
Comparison (median) (range) P (median) (range) P 
Pinprick us hot 218.4 (29, 790) 0.002 380 (95, 2050) 0.002 
Pinprick us cold 229.3 (-341, 822) 0.34 89.8 (-1192, 884) 0.75 
Pinprick vs SNAP -190 (-2379, 467) - 1.0 -184 (-1916, 1830) 0.75 
Pinprick us CMAP -23.8 (-2954, 535) 0.75 -714 (-2784, 1974) 0.11 
Hotvws cold -53.6 (-569, 155) 10 -328 (-1625, 492) 0.021 
Hot vs SNAP -567 (-2408, 258) 0.021 -593 (-2363, 1235) 0.021 
Hot vs CMAP 469 (-3001, -32) 0.002 -1031 (2885, 1587) 0.021 
Cold us SNAP -655 (-2270, 407) 0.022 -174.7 (-1724, 946) 0.75 
Cold vs CMAP -296.3 (-2754, 76) 0.022 638 (-2793, 1803) 0.34 
SNAP os CMAP : 35.2 (-2023, 2346) 1.0 ~289.4 (2790, 2049) 0.75 
Discussion 


Our data have demonstrated that during onset of 
median nerve block, 0.33% bupivacaine inhibited 
sensations of cold and hot significantly more slowly 
compared with 1% mepivacaine. A “just noticeable” 
difference in cold sensation was detected signifi- 
cantly later with bupivacaine than with mepivacaine. 
In contrast, at the 40-min assessment, there were no 
significant differences between the agents for inhibi- 


tion of SNAP and CMAP. While mepivacaine gener- - 


ally has a faster onset of median nerve block than 
bupivacaine, the various sensory modalities and 
nerve fibre types responded in different ways. Some 
measurements consistently had greater overall inhi- 
bition than others. Hot sensation was inhibited to a 
greater overall extent than pinprick sensation, SNAP 


or CMAP, consistent with a faster onset (table 4). ` 


Thus the clinician can expect to receive earlier signs 
of nascent median block from either bupivacaine or 
mepivacaine by testing with a hot stimulus than by 


using pinprick. Curiously, hot sensation was inhib- _ 


ited significantly faster than cold sensation after 
bupivacaine but not after mepivacaine. The relatively 
faster onset of inhibition of cold sensation after mepi- 
vacaine (compared with bupivacaine) resulted in sig- 
nificant differences in onset between cold and SNAP 
and CMAP with mepivacaine, but not with bupiva- 
caine. In contrast, the clinician is less likely to be sur- 
prised by incomplete anaesthesia if loss of pinprick 
sensation or the signals.from electrodiagnostic tests 


(SNAP and CMAP) are used as criteria for satisfac- 
tory anaesthesia, rather than a thermal stimulus. We 
also noted that our techniques provided a novel 
means by which responses to local anaesthetics and 
other peripheral-acting analgesic agents may be com- 
pared over time. 

Whereas differential block of nerve fibres in vitro 
has been shown to occur (using electrophysiological 
measurements) with constant (submaximal) concen- 
trations of local anaesthetics (at steady-state), we 
found limited evidence for differential block after 40 
min of exposure to clinical drug concentrations 
(when local anaesthetic binding to Na channels 
should have reached a maximum). ° Indeed, as 
expected, we identified few differences between 
bupivacaine and mepivacaine at 40 min. Bupivacaine 
0.33% and 1% mepivacaine produced profound 
inhibition after 40 min. 

Our technique, which included testing of multiple 
sensory modalities, action potentials from sensory 
and motor systems, and skin temperature, allowed 
detection of subtle differences in the extent of con- 
duction block of different fibres. Nevertheless, it has 
many limitations. We did not objectively measure 
intra-subject variability, that is the consistency with 
which each volunteer graded onset of block. Such 
comparisons have been performed previously.° We 
have previously documented measurements after 
median nerve block with 0.9% saline, confirming the 
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ability of volunteers to detect no significant alteration 
in the perceived intensity of constant sensory 
stimuli.” Sensory thresholds may vary dramatically 
over small regions of skin.” To overcome this poten- 
tial variability, we marked the skin and presented the 
stimuli to the same location each time. 

We recognize that in many cases we have not mea- 
sured the time of sensory or motor nerve failure, but 
measured decrements in nerve fibre function over 
time. Thus our conclusions regarding onset (where 
we used the time delay until steady-state conditions 
were obtained) may differ from those of other 
authors who may have taken onset of local anaesthe- 
sia as complete insensibility. We also recognize that 
each peripheral nerve may have its own organiza- 
tional characteristics, and may carry different fibre 
types. Thus we cannot exclude the possibility that 
different results may have been obtained had we 
tested mepivacaine and bupivacaine on a different 
peripheral nerve. Such comparisons are planned. 

We recognize that some measurements, notably 
skin temperature, may not have reached steady-state 
values by 40 min. In these cases, estimates of median 
time delay to achieve steady-state drug effects must 
be interpreted cautiously. We found a similar onset of 
increase in skin temperature after mepivacaine and 
bupivacaine, possibly because bupivacaine has a 
predilection for inhibiting unmyelinated vasomotor 
C fibres (or preganglionic B fibres), as onset of bupi- 
vacaine anaesthesia was slower for most other modal- 
ities. Alternatively, delay between sympathetic nerve 
block and an increase in skin temperature could 
obscure differences between mepivacaine and bupi- 
vacaine. Data recording longer than 40 min may be 
required to detect a difference between these agents. 
Finally, skin temperature usually declined immedi- 
ately, but only briefly, after injection of local anaes- 
thetic, probably as a result of pain- and 
anxiety-induced peripheral vasoconstriction, making 
assessment of onset times for an increase in skin tem- 
perature more difficult to define. 

We believe that mepivacaine and bupivacaine con- 
centrations used in this study were nearly equipotent 
for clinical nerve blocks and our results at 40 min 
support that belief. Most studies comparing the clini- 
cal effects of mepivacaine and bupivacaine have 
found relative potency ratios (using drug concentra- 
tions measured in mg dl”) of 1:3-1:4.”'*"° Similar 
molar potency ratios have been observed in studies of 
local anaesthetics applied to isolated nerves.” Thus 
using these data as our guide, as a worst case, the 
mepivacaine solution used in this study should have 
been equivalent or slightly less potent than the bupi- 
vacaine solution. Careful comparison of sub-block- 
ing concentrations of the various local anaesthetics 
using Our measurement techniques could yield accu- 
rate and precise concentration equivalency data in 
humans, data which are at present lacking. We recog- 
nize that speed of onset of local anaesthesia is related 
to the dose of local anaesthetic and that miscalcula- 
tion of the relative potency of mepivacaine and bupi- 
vacaine could confound comparison between them 
regarding relative rates of onset. 

Our data suggest that a decline in perceived inten- 
sity of heat is the earliest subjective test identifying 
onset of median nerve block. Other studies have 
found that temperature sensation is impaired early 
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during nerve blocks (for review, see Raymond and 
Gissen’). We also found that the nerve fibres subserv- 
ing sensations of hot and cold (A-d and C-fibres) 
were inhibited more rapidly by local anaesthetics 
than fibres responsible for pinprick sensation (Ad 
fibres).' These findings are at variance with the in 
vitro work of Gissen and colleagues, who found that 
C fibres were more resistant to local anaesthesia than 
Aa fibres.” ° Gissen and colleagues performed 
their studies at steady-state in isolated rabbit vagus 
nerves; thus differences between their data and ours 
could result from species differences or from differ- 
ences in the internal architecture between cranial 
(vagus) and peripheral (median) nerves. Differential 
onset of anaesthesia could have different underlying 
mechanisms than differential block at steady-state. 

A decline in hot or cold sensation may not provide 
a reliable test for adequacy (completeness) of neural 
block for surgical incision. Although surgical anaes- 
thesia can be obtained without complete motor 
block, the presence of motor block substantially 
increases the likelihood that adequate sensory anaes- 
thesia is also present after either local anaesthetic, as 
loss of CMAP amplitude did not precede loss of sen- 
sory modality. Clinicians generally do not have the 
capability of monitoring CMAP, and we caution that 
other tests of motor block may not yield identical 
results. 

We conclude that 1% mepivacaine generally pro- 
duced more rapid onset of anaesthesia than 0.33% 
bupivacaine. Of potential clinical importance was 
that thermal sensation appeared more susceptible to 
block than other modalities after both agents. Testing 
for small fibre block using a warm stimulus may pro- 
vide an overly sanguine assessment of inhibition of 
larger sensory and motor nerve fibres, particularly 
during onset of anaesthesia. Therefore, we advise 
caution if clinicians choose tests of smali fibre func- 
tion (hot or cold sensation) to determine if regional 
block is adequate for surgical incision. Further study 
is required to determine if the characteristics of 
median block which we observed can be extrapolated 
to other local anaesthetics, other nerves, or spinal or 
epidural anaesthesia. But we predict that our mea- 
surement techniques may prove useful to define 
precisely differences between local anaesthetics 
with regard to potency and differential block of 
sensory modalities during clinical regional anaesthe- 
sia. Our technique is particularly useful as longer- 
persisting agents which produce selective analgesia 
become available for treatment of acute and chronic 
pain. 
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Effect of anxiety on the rate of gastric emptying of liquids 


A. LYDON, J. McGINLEy, T. Cooks, P. F. DUGGAN AND G. D. SHORTEN 


Summary 

The efficacy of preoperative fasting is reduced in 
the presence of any factor which delays gastric 
emptying. We examined the association between 
anxiety and gastric emptying in adult patients 
undergoing elective surgery. Immediately before 
operation, 21 patients completed both a 
Spielberger state trait inventory (used to quantify 
current anxiety state (STAI,) and anxiety predis- 
position (STAI,)), and the Amsterdam preopera- 
tive anxiety and information scale (used to 
quantify anxiety and need for information). 
Gastric emptying was measured using the 
paracetamol absorption technique. Four to 10 
weeks later, gastric emptying and STAI were 
measured again. Patients were more anxious 
before than after operation (STAL=mean 35.4 
(sp 10.9) and 25 (4.1), respectively; P=0.0004). 
Neither anxiety state (P=0.40) nor measures of 
anxiety relative to anxiety predisposition (P&0.86) 
influenced gastric emptying (as measured by 
area under the paracetamol absorption-time 
curve). This contrasts with previous findings that 
anxiety in patients with low anxiety predisposi- 
tion scores delays gastric emptying. (Br. J. 
Anaesth. 1998; 81: 522-525). 


Keywords: psychological responses; gastrointestinal tract, 
emptying 


Traditionally, patients undergoing elective surgical 
procedures have been required to fast for at least 6h 
before general anaesthesia."* The rationale for this 
practice is that this fasting period allows enough time 
for gastric emptying to occur, thus diminishing the 
risk of pulmonary aspiration of gastric contents. The 
effectiveness of the fasting period is reduced in the 
presence of any factor which inhibits gastric emptying. 

It is commonly held that “stress” or “anxiety” 
delays gastric emptying.’ In the preoperative period, 
using the Spielberger state trait inventory (used to 
quantify current anxiety state (STAI) scale and a 
threshold score of 46 for significant anxiety, the 
prevalence of anxiety in an adult European group of 
preoperative patients (n=200) was 32%.’ To date, the 
effect of anxiety on gastric emptying during the pre- 
operative period has not been studied adequately. 
Nygren and colleagues,’ in a small study, used a 
visual analogue scale to quantify anxiety in patients 
who drank either 400 m! of water (n=6) or a carbohy- 
drate-rich drink (7=6) before operation. Patient posi- 
tion was not standardized. They concluded that 
anxiety did not influence the rate of gastric emptying. 


We undertook to formally quantify anxiety using 
the previously validated Spielberger state trait anxi- 
ety inventory (STAI)’ and the Amsterdam preopera- 
tive anxiety and information scale (APAIS),” before 
estimation of gastric emptying of liquids using the 
paracetamol absorption technique.” 


Patients and methods 


After obtaining approval from the Clinical Research 
Ethics Committee of the Cork Teaching Hospitals, 
and written informed consent, we studied 21 fasting 
ASA I or II patients who completed the STAI on 
the morning of surgery. This evaluated both current 
anxiety state (STAI) and personality traits predis- 
posing to anxiety (STAI). Patients received a numer- 
ical score, ranging from 20 to 80, for both STAI, and 
STAI,. The numerical difference between STAI, and 
STAL (STAI, is taken as a measure of the extent to 
which the individual’s current anxiety state differs 
from his baseline anxiety predisposition.’ Patients 
then completed the APAIS, a six-item questionnaire 
designed to measure anxiety and need for informa- 
tion in preoperative patients. Patients received a 
numerical score for anxiety (APAIS,_) ranging from 
4 to 20, and an information requirement score 
(APAIS, ,) ranging from 2 to 10. The sum of APAIS, 
and APAIS,, is the total APAIS score, APAIS... 
Gastric emptying was measured using a paraceta- 
mol absorption technique.’ Patients fasted for at least 
8 h before the study. An i.v. cannula was placed in a 
forearm vein for blood sampling. After withdrawal of 
a baseline venous blood sample (4 ml), soluble 
paracetamol (1.5 g in 50 ml of water) was ingested. 
During the following 90 min, venous blood samples 
were obtained at 10, 20, 30, 40, 50, 60, 70 and 90 
min. These samples were centrifuged and analysed 
for concentration of paracetamol using an enzymatic 
colorimetric assay (Cambridge Life Sciences, 
Cambridgeshire, UK)."° The method is based on the 
use of an enzyme specific for the amide bond of acy- 
lated aromatic amines. It cleaves the paracetamol 
molecule, yielding p-aminophenol, which reacts 
specifically with o-cresol in ammoniacal copper solu- 
tion to produce a blue colour. The paracetamol assay 
is specific for the parent compound and does not 
detect paracetamol metabolites." At a concentration 
of 0.45 mmol litre’ and a sp of 0.005 mmol litre”, 
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Anxiety and gastric emptying 


intra-assay coefficient of variation is 1.0%; inter- 
assay coefficient of variation is 1.1%.” Sensitivity, 
defined as 2 sp from zero, is 0.01 mmol litre”.”° In 
terms of sensitivity, linearity, precision and accuracy, 
the enzymic assay is closely comparable with estab- 
lished methods of analysis (high pressure liquid chro- 
matography and gas chromatography) over the range 
0-2.5 mmol litre.” 

Patients remained semi-recumbent during mea- 
surement of gastric emptying.” Measures of gastric 
emptying used were area under the plasma paraceta- 
mol~time curve (AUC) (using the trapezoidal rule), 
maximum plasma paracetamol concentration 
(C,max) and time to achieve C,max (tC,max). After 
4-10 weeks following the preoperative measure- 
ments, gastric emptying was again measured, and 
STAI scoring completed. 

Paired t tests were used to compare preoperative 
and postoperative measures of anxiety and preopera- 
tive and postoperative variables of gastric emptying. 
The association between gastric emptying and anxi- 
ety was analysed using multiple regression. Pearson’s 
correlation coefficient was used to measure the asso- 
ciation between STAI,, and AUC. 

In the absence of evidence defining the threshold 
value for clinically significant reductions in AUC, we 
considered a reduction in AUC of 50% to be clini- 
cally relevant. To detect this reduction, with a power 
of 0.95, 6=0.2, a=0.05 and using a one-tailed z test, a 
minimum of 12 patients in each group was required. 


Results 


We approached 25 patients to participate in the 
study; four declined. Thus data were obtained from 
21 patients (of whom one declined postoperative 
measurements, and the investigators were unable to 
obtain sufficient blood samples from another). 
Within-patient comparisons were based on 20 
(10 males, 10 females) and 19 (10 males, nine 
females) sets of data for anxiety questionnaires and 
gastric emptying variables, respectively (mean age 
40.8 (range 19-63) yr, mean body mass index 
24.8 (sp 4.4) kg m^). Surgical procedures performed 
were varicose vein excision (n=4), diagnostic 
laparoscopy (m=3), transurethral resection of the 
prostate (m=1), inguinal hernia repair (n=3), 
incisional hernia repair (n=1), uterine curettage 
(n=2), total abdominal hysterectomy (7=2), vaginal 
hysterectomy (n=1), ovarian cystectomy (n=1), 
orchidectomy (n=1), scar revision (n=1) and haem- 
orrhoidectomy (n=1). 

Based on within-patient comparisons, measures of 
anxiety, STAI, (P=0.0004) and STAJ_, (P=0.02), 
were greater before operation than 4-10 weeks after 
operation (table 1). APAIS,, APAIS_, and APAIS,, 
scores obtained before operation were mean 8.6 (SD 
4.0), 5.5 (2.7) and 14.1 (5.2), respectively. The 
APAIS,_, score was 211 (the threshold for significant 
anxiety)’ in eight (38%) of 21 patients. There was no 
significant correlation between STAI, and STAI, 
(F=0.002), APAIS,,. (°=0.24) or APAIS, , (r’=0.12), 
or between STAI, and APAIS „r 

The rate of gastric emptying, as quantified by 
AUC (P=0.23) and C,max (P=0.42), was similar 
before and after operation. Time to maximum 
plasma paracetamol concentration (fC,max) was 
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Table 1 Spielberger state trait anxiety inventory scores (STAL, 
STAI, STAI,,) before and after operation (mean (sD)) 








Preoperative Postoperative 

(n=21) (n=20) P 
STAI, 36.4 (8.1) 32.8 (9.0) 0,053 
STAI, 35.4 (10.9) 25 (4.1) 0.0004 
STAI,, -0.95 (9 3) ~7.0 (7.2) 0.019 





Table2 Measures gastric emptying before and after operation, 
area under the plasma paracetamol absorpuon—tume curve 
(AUC), maximum plasma paracetamol concentration (C,max) 
and nme to C,max (t C,max) (mean (sp)) 








Preoperative Postoperative 
(n=21) (n=19) P 
AUC 
(mmol litre’ min) 11.8 (2.87) 12.3 (3 7) 0.23 
pmax 
(mmol litre”) 0.20 (0.06) 0.20 (0.07) 0 42 
t C,max (min) 37 6 (18.4) 48.2 (25 1) 0.02 





Table3 P-values for muluple regression analysis between 
measures of gastric emptying (area under plasma paracetamol- 
ume curve (AUC), maximum plasma paracetamol concentration 
(C,max ), ume to C,max (t C,max)), and measures of anxiety 
(Spielberger state trait anxiety inventory scores (STAI, STAT, 
STAIL.) and the Amsterdam preoperative anxiety and information 
scale (APAIS,_.) 








AUC Cymax tC,max 
STAI, 0 40 0.06 0.13 
STAT, 0.82 0.16 0.55 
STAL, 0.86 0.81 0.36 
APAIS... 0.69 0 48 0.93 





greater after operation (37.6 (18.4) min vs 48.2 
(25.1) min) (P=0.02) (table 2). 

Multiple regression analysis performed on the 
combined (pre- and postoperative) data demon- 
strated no association between measures of anxiety 
(STAI, STAI, and APAIS,..) and corresponding 
paracetamol indices of rate of gastric emptying 
(AUC, C,max, tC,max) (table 3). The STAI, score, a 
measure of the magnitude of situational anxiety rela- 
tive to anxiety predisposition, was not significantly 
associated with the rate of gastric emptying (fig. 1). 


Discussion 


The principal finding of this study was that gastric 
emptying was not delayed by anxiety, as quantified 
using STAI, STAI, or STAI, ,. Previous work on this 
subject has yielded conflicting results. Marsh, 
Spencer and Nimmo, using a paracetamol absorp- 
tion technique, found no difference in the rate of 
gastric emptying in patients 2-3 h before, compared 
with 2-5 days after elective surgery.” They concluded 
that preoperative anxiety did not influence the rate of 
gastric emptying. However, this was limited by the 
investigators’ assumption of the presence of anxiety 
in preoperative patients. Subsequently, Simpson and 
Stakes reported that gastric emptying was delayed in 
patients with a low anxiety trait who developed a high 
anxiety state before operation.” The difference 
between state and trait scores (STAI,,) was taken as a 
measure of preoperative anxiety relative to anxiety 
predisposition. However, these investigators did not 
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Figure 1 Relationship between area under the plasma 
paracetamol absorption—time curve (AUC), and the difference 
between the Spielberger state anxiety inventory scores and the 
Spielberger trait anxiety inventory scores (STAI,,). 


report STAI, and STAI, scores from which this index 
was derived. Therefore, the presence of significant 
anxiety (the independent variable) had not been 
established in their study sample. 

Between-patient comparison of a variable charac- 
terized by marked inter-patient variability is poten- 
tially flawed. In our study, within-patient comparison 
of gastric emptying was made under two conditions, 
having established that one (preoperative state) was 
associated with a greater degree of anxiety (STAI, 
STAI, and STAI,). We elected to exclude patients 
undergoing more major surgical procedures to 
increase the uniformity of the anxiogenic stimulus 
across the study sample. STAI, scores after operation 
(25 (4.1)) were lower than the normative level for US 
adults.’ This may reflect patients’ familiarity with the 
interviewers, study procedures and hospital sur- 
roundings during the second anxiety measurement. 

Although 1tC,max in the postoperative studies 
(48.2 (25.1) min) was significantly greater than that 
before operation (37.6 (18.4) min), this probably 
should not be interpreted to indicate that anxiety 
actually increases the rate of gastric emptying. The 
two other measures of gastric emptying (AUC, 
Cymax) were similar when pre- and postoperative 
values were compared. Regression analysis demon- 
strated no significant association between tC,max 
and any measure of anxiety (table 3). 

The paracetamol absorption technique used in this 
study is an accurate measure of the rate of gastric 
emptying of liquids, but not solids.’ Because sepa- 
rate mechanisms govern these two processes, our 
conclusions refer only to liquids. However, it is likely 
that a preoperative delay in gastric emptying of 
liquids would result in a greater volume of gastric 
contents at induction of anaesthesia and therefore 
contribute to an increased risk of pulmonary aspira- 
tion of gastric contents. 

Potential confounding factors which have been 
shown to influence gastric motility include phase of 
menstrual cycle, circadian variation,” age and 
posture.” Furthermore, one potential limitation is 
that the APAIS has, to date, been validated in Dutch, 
and not in English. In this study, no attempt was 
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made to take account of the phase of menstrual cycle 
or circadian variation because the effect of both 
has been shown not to apply to gastric emptying of 
liquids.“ ” Gastric emptying of liquids is slightly 
slower in the elderly (77 (range 70-84) yr) than in 
young adults (34 (range 21-63) yr). Among the 
younger adults, similar in age to those in our study 
(range 19-63 yr), there was no correlation between 
age and gastric emptying of liquids.” The effect of 
posture on gastric emptying did not influence our 
results because all patients were studied in the semi- 
recumbent position. 

The amount of preoperative information a patient 
receives may influence recovery after surgery.” 
Patients may cope with the stress of surgery by 
“monitoring” (high information requirement) or 
“blunting” ‘low information requirement).” Failure 
to tailor information supply to suit an individual’s 
needs may increase stress.” Previous studies have 
found a strong association between level of anxiety 
and need for information.’ We did not find an associ- 
ation between anxiety scores and information 
requirement. This suggests that basing assessment of 
need for information on anxiety state or predisposi- 
tion is unreliable. 

A clinical implication of our findings is that the use 
of anxiolytic premedicants is unlikely to affect the 
volume of gastric contents at induction of anaesthe- 
sia, and thus the risk of pulmonary aspiration of 
gastric contents. These findings are consistent with 
those of previous studies.”” Haavik and colleagues” 
evaluated the relationship between oral premedica- 
tion, preoperative anxiety and gastric contents in 
patients undergoing elective surgery. Patients 
received one of two types of oral benzodiazepines or 
a placebo on the morning of surgery. As rated by 
patients, both benzodiazepines reduced anxiety, but 
gastric volume and pH did not correlate with the 
type of premedication or level of anxiety. Cote and 
colleagues” demonstrated that gastric pH and resid- 
ual volume in preoperative children (3-17 yr) were 
independent of level of anxiety. Although anxiolysis 
may be desirable for other reasons, it is unlikely to 
decrease residual gastric volume. 

In summary, the degree of anxiety experienced 
by adult patients before undergoing elective surgery 
was not associated with a delay in gastric emptying of 
liquids. 
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Prophylactic antiemetic therapy with granisetron in women undergoing 


thyroidectomy 


Y. Fuyn, Y. Sarron, H. TANAKA AND H. ToyooKa 


Summary 


We have evaluated the efficacy and safety of 
granisetron, a selective 5-hydroxytryptamine 
type-3 receptor antagonist, for the prevention 
of postoperative nausea and vomiting (PONV) 
in women undergoing thyroidectomy. In a 
prospective, randomized, placebo-controlled, 
double-blind study, 100 ASA | patients, aged 
30-57 yr, received placebo or granisetron at 
three different doses (20, 40 or 100 ug kg") (n=25 
each}, iv, immediately before induction of 
anaesthesia. A standard general anaesthetic 
technique was used. A complete response, 
defined as no PONV and no need for another 
rescue antiemetic during the first 3 h after anaes- 
thesia, was seen in 36%, 44%, 92% and 92% of 
patients who received placebo, granisetron 
20 ug kg", 40 ug kg’ and 100 ug kg”, respec- 
tively; corresponding values during the next 21h 
after anaesthesia were 40%, 44%, 88% and 88% 
(P<0.05; overall Fisher’s exact probability test). 
There were no clinically important adverse 
events in any group. We conclude that 
granisetron 40 ug kg was an effective 
antiemetic for the prevention of PONV after thy- 
roidectomy. Increasing the dose to 100 ug kg” 
provided no further benefit. (Br. J. Anaesth. 
1998; 81: 526-528). 


Keywords: vomiting, nausea; vomiting, antiemetics; vomit- 
Ing, nausea, surgical factors; pharmacology, granisetron; 
surgery, thyroidectomy 





Postoperative nausea and vomiting (PONV) are 
common and unpleasant complications after surgery 
performed under general anaesthesia.’ The reported 
incidence of PONV in patients undergoing thyroidec- 
tomy is 60-65% when no prophylactic antiemetic 
is given.’ Most of the currently used antiemetics, 
antihistamines (e.g. hydroxyzine), butyrophenones 
(e.g. droperidol) and dopamine receptor antagonists 
(e.g. metoclopramide) have undesirable adverse 
effects, such as excessive sedation, hypotension, 
dry mouth, dysphoria, restlessness and extrapyra- 
midal symptoms.’ Granisetron, in common with 
ondansetron, is a selective antagonist of the 
5-hydroxytryptamine type-3 (5-HT,) receptor, and is 
also effective for the treatment of emesis in patients 
receiving cytotoxic drugs.‘ 

Granisetron has a more potent and longer acting 
activity against cisplatin-induced emesis than 
ondansetron.” We have demonstrated recently that it 


reduces the incidence of PONV after gynaecological 
surgery.’ We conducted a prospective, randomized, 
placebo-controlled, double-blind study to evaluate the 
efficacy and safety of granisetron for the prevention of 
PONV in women undergoing general anaesthesia for 
thyroidectomy. 


Patients and methods 


After obtaining approval from the Institutional 
Review Board and informed consent, we studied 100 
ASA I female patients, aged 30-57 yr, undergoing 
general anaesthesia for thyroidectomy. Patients who 
had gastrointestinal disease, those who had a history 
of motion sickness or previous PONV, or both, those 
who were menstruating, or those who had received 
antiemetic medication within 24 h before surgery 
were excluded. 

Patients were allocated randomly to one of four 
groups (=25 for each) to receive placebo or 
granisetron 20, 40 or 100 ug kg” i.v. before induction 
of anaesthesia according to a randomization list gen- 
erated by a random number function in a computer 
spreadsheet. According to this list, identical syringes 
containing each drug were prepared by personnel not 
involved in the study. 

Premedication comprised diazepam 5 mg orally, 
60 min before induction of anaesthesia. Anaesthesia 
was induced with thiopental (thiopentone) 5 mg kg” 
i.v. and fentanyl 2 pg kg’ i.v., and vecuronium 
0.2 mg kg” i.v. was used to facilitate tracheal intuba- 
tion. After tracheal intubation, anaesthesia was main- 
tained with 1.0-3.0% (inspired concentration) 
isoflurane and 66% nitrous oxide in oxygen, with 
controlled ventilation adjusted to maintain an 
end-tidal concentration of carbon dioxide of 
4.2-5.3 kPa. Neuromuscular block was achieved 
with vecuronium, as required. At cessation of 
surgery, atropine 0.02 mg kg” i.v. and neostigmine 
0.04 mg kg” i.v. were administered for antagonism of 
neuromuscular block, and the trachea was extubated. 
Rectal temperature was monitored and maintained 
at 37+1°C using hot water warming pads. If two or 
more episodes of PONV occurred during the first 
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Grantsetron and thyroidectomy 


Table 1 Patient characteristics, surgical and anaesthetic details, and postoperative analgesia, (mean (sp 
or range) or number). Patients who had experienced the menopause were excluded. No significant 








differences 
Placebo 20 ug kg" 40 pg kg" 100 ug kg” 
(n=25) (m=25) (n=25) (m=25) 
Age(yr) 46.3(31-57) 47.2(30-57) 45.3(31-57) 46 0(30-57) 
Height(cm) 156.7(6.4)  157.2(7.0)  157.5(7.4)  156.7(7.7) 
Weight(kg) 52.3(5.0) 55.8(7.7) 52.6(6.5) 55.2(10.7) 
Last menstrual cycle(days) [n] 15.3(3.2)[17] 16.2(2.9)[16] 16.1(3.6)[17] 15.4(3.8)[16] 
Duration of operation(min) 142.9(47.4)  151.5(38.9) 146.6(38.0) 140.0(41.4) 
Duration of anaesthesia(min) 178.1(54.3) 179.8(37.4) 175.8(40.7) 170.8(41.0) 
Clinical status 
Euthyroidism(n) 20 21 20 20 
Hyperthyroidism treated(n) 5 4 5 5 
Postoperative analgesia 
Indomethacin(n) 15 15 16 15 
Buprenorphine(1) 5 4 4 5 





Table 2 Number (%) of patients with a complete response (no PONV, no rescue), nausea, retching or 
vomiting and those who required rescue antiemetic during the first 3 h (0-3 h) and the next 21 h (3-21 h) 


after anaesthesia. P values vs Placebo 








Placebo 20 ug kg“ 40 ug kg” 100 ug kg“ 
(n=25) P(n=25) P(n=25) P(n=25) P 
0-3 h after anaesthesia 
Complete response 9(36%) 11(44%) 0.387 23(92%) 0.001 23(92%) 0.001 
Vomiung 8(32%) 6(24%) 0.377 1(4%) 0.012 1(4%) 0.012 
Retching 2(8%) 1(4%) 0.5 0(0%) 0.245 0(0%) 0.245 
Nausea 8(32%) 82%) 1.0 2(8%) 0.037 2(8%) 0.037 
Rescue 7(28%) 5(20%) 0.371 0(0%) 0.048 0(0%) 0.048 
3-24 h after anaesthesia 
Complete response 10(40%) 11(44%) 0.5 22(88%) 0.001 22(88%) 0.001 
Vomiting 7(28%) 6(24%) 0.5 1(4%) 0.024 1(4%) 0.024 
Retching 2(8%) 2(8%) 1.0 1(4%) 0.5 14%) 0.5 
Nausea 8(32%) 7(28%) 0.5 2(8%) 0.037 2(8%) 0.037 
Rescue 7(28%) 5(20%) 0.371 0(0%) 0.048 0(0%) 0 048 
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24h after anaesthesia, another rescue antiemetic 
(e.g. metoclopramide) was given. Postoperative anal- 
gesia was provided with indomethacin 50 mg, as 
required, for moderate pain, and buprenorphine 
0.2 mg i.m. for severe pain. 

All episodes of PONV (nausea, retching and vom- 
iting) were recorded during the first 24 h after anaes- 
thesia (i.e. 0-3 h in the post-anaesthesia unit and 
3-24 h in the ward) by direct questioning by specifi- 
cally trained nurses without Knowledge of which 
drugs the patients had received, or by spontaneous 
complaint by the patients. The nurses asked the 
patients if retching or vomiting had occurred and if 
they felt nauseated, with only two possible answers 
(yes/no). Nausea was defined as a subjectively 
unpleasant sensation associated with awareness of 
the urge to vomit; retching was defined as the 
laboured, spasmodic, rhythmic contractions of the 
respiratory muscles; vomiting was defined as the force- 
ful expulsion of gastric contents from the mouth.’ 
Complete response (i.e. emesis-free) was defined as 
no PONV and no need for rescue antiemetic medica- 
tion. Details of other adverse events throughout 
the study were recorded by follow-up nurses who 
interviewed the patients and recorded spontaneous 
complaints. 

Statistical analyses of the data between the treatment 
groups were performed by ANOVA with Bonferroni 
correction for multiple comparison, chi-square test or 
Fisher’s exact probability test, as appropriate. P<0.05 
was considered significant. All values are expressed as 


mean (sD, range) or number (%). Twenty-five patients 
per group were sufficient to detect a difference with 
a=0.05 and power (1-8)=0.8. 


Results 


Patient characteristics and details of anaesthesia 
are summarized in table 1. There were no significant 
differences between groups. 

A complete response 0-3 h after anaesthesia was 
seen in 36% of patients who received placebo, 44% 
with granisetron 20 ug kg’, 92% with granisetron 
40 ug kg’ and 92% with granisetron 100 ug kg’; 
corresponding values for 3—24 h after anaesthesia 
were 40%, 44%, 88% and 88%. Thus significantly 
more patients had a complete response within the 
first 24 h after anaesthesia in the granisetron 40 pg kg" 
and 100 pg kg’ groups compared with placebo 
(P<0.05). There was no difference between placebo 
and granisetron 20 ug kg” (table 2). 

Seven of 25 patients who had received placebo and 
five of those who had received granisetron 20 ug kg“ 
required rescue antiemetic for severe PONV during 
the first 3 h and the next 21 h after anaesthesia (i.e. 
two or more episodes of PONV), compared with none 
who received granisetron 40 pg kg” or 100 pg kg’ 
(P<0.05) (table 2). 

The most common adverse events were headache 
and dizziness, which were relatively mild. There were 
no differences in the incidence of adverse effects 
(table 3). 
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Table 3 Adverse events. Values are number (%). There were no significant differences 
Placebo 20 ug kg” 40 ug kg" 100 pg ke” 
(n=25) (n=25) (n=25) (n=25) 
0-3 h after anaesthesia 
Any adverse effects 5(20%) 4(16%) 4(16%) 5(20%) 
Headache 2(8%) 2(8%) 2(8%) 2(8%) 
Dizziness 2(8%) 1(4%) 1(4%) 2(8%) 
Others(constipation, muscle pain) 1(4%) 1(4%) 1(4%) 1(4%) 
3-24 h after anaesthesia 
Any adverse efects 4(16%) 4(16%) 4(16%) 4(16%) 
Headache 2(8%) 2(8%) 2(8%) 2(8%) 
Dizziness 1(4%) 1(4%) 1(4%) 1(4%) 
Others (constipation, muscle pain) 1(4%) 1(4%) 1(4%) 1(4%) 


Discussion 


Postoperative nausea and vomiting (PONV) are dis- 
tressing side effects of anaesthesia and surgery, with a 
high incidence after thyroidectomy.” * The aetiology 
of PONV remains unclear, but is probably related to 
several factors, including age and sex of the patient 
(mostly middle-aged women), and intense peropera- 
tive vagal stimulation (surgical handling of neck 
structures).’ Several factors, including obesity, anaes- 
thetic technique and postoperative pain, are consid- 
ered to increase the incidence of PONV.’ However, in 
our study the groups were similar in patient charac- 
teristics, surgical procedure, anaesthetic adminis- 
tered and analgesics used after operation. Therefore, 
the difference in complete response can be attributed 
to the study drug. 

We found a high incidence of PONV during the first 
24 h after anaesthesia (64% for 0-3 h after anaesthesia 
and 60% for 3-24 h after anaesthesia) in patients who 
had received placebo. This is comparable with an inci- 
dence of nearly 60% reported previously.”’ 

Granisetron has already been reported to be effec- 
tive for the treatment of vomiting in patients receiv- 
ing cytotoxic drugs.‘ It has also been reported that 
granisetron is effective in the prevention of PONV 
after gynaecological surgery.‘ We have demonstrated 
that there was a complete response (no PONV, no 
rescue) in significantly more patients who received 
granisetron 40 pg kg” or 100 ug kg’ compared with 
those who had received placebo. The exact mecha- 
nism of granisetron in preventing PONV is not 
known, but it has been suggested that it may act on 
sites containing 5-HT, receptors with demonstrated 
antiemetic effects.” 

The effective dose of granisetron is between 40 
and 80 pg kg” for the treatment of cancer therapy- 
induced emesis.’ We could find no report to deter- 
mine the minimum effective dose for the prevention 
of PONV in patients undergoing thyroidectomy. We 
have demonstrated that the efficacy of granisetron 
40 pg kg’ was similar to that of 100 pg kg” for the 
prevention of PONV, and that there was no differ- 
ence between placebo and granisetron 20 pg kg”. In 


addition, the severity of PONV was also reduced 
with granisetron 40 or 100 pg kg”, as no patient 
required rescue medication for the treatment of two 
or more episodes of PONV, compared with several 
patients who received placebo or granisetron 20 pg 
kg”. These data suggest that granisetron in a mini- 
mum dose of 40 pg kg” was effective for the preven- 
tion of PONV after thyroidectomy. 

The most frequent adverse events were headache 
and dizziness but there were no differences in the 
incidence of these symptoms between groups. 

In summary, granisetron 40 ug kg” was an effective 
antiemetic for the prevention of PONV in female 
patients undergoing thyroidectomy. Increasing the 
dose to 100 ug kg” provided no further benefit. 
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Laser stimulation of acupuncture point P6 reduces postoperative 
vomiting in children undergoing strabismus surgery 


A. SCHLAGER, T. OFFER AND I. BALDISSERA 


Summary 

We conducted a double-blind, randomized, 
placebo-controlled study to investigate the effec- 
tiveness of P6 acupuncture on postoperative 
vomiting in children undergoing strabismus 
surgery. Acupuncture was performed by laser 
‘stimulation with a low-level laser. Laser stimula- 
tion of P6 was administered 15 min before induc- 
tion of anaesthesia and 15 min after arriving in 
the recovery room. In the laser stimulation 
group, the incidence of vomiting was signifi- 
cantly lower (25%) than that in the placebo 
group (85%). (Br. J. Anaesth. 1998; 81: 529-532). 


Keywords: anaesthesia, paediatric; acupuncture; vomiting, 
incidence; vomiting, nausea, surgical factors; surgery, oph- 
thalmological 





Postoperative vomiting is one of the most frequent 
complications after strabismus surgery in children. 
The incidence of postoperative vomiting has been 
reported as 40-88%." Several pharmacological 
studies have been performed to reduce this high inci- 
dence. “~” 

A non-pharmacological method for the prevention 
of postoperative vomiting is stimulation of an 
acupuncture point called Pericard 6 (P6, Neiguan). 
Numerous studies have shown that stimulation of P6 
with acupuncture reduces postoperative vomiting.’”"* 
However, needle acupuncture and acupressure of P6 
appear ineffective in the reduction of postoperative 
vomiting in children.” ” 

In this study, we used laser acupuncture to stimu- 
late P6.”” A laser beam generated by a low-level 
laser diode stimulates the acupuncture point. This 
form of acupuncture is painless and especially suit- 
able in awake children. Our aim was to evaluate the 
antiemetic effect of laser stimulation of P6 in chil- 
dren undergoing strabismus surgery compared with 
placebo. 


Patients and methods 


The study was approved by the Ethics Committee of 
the University of Innsbruck, Austria and written, 
informed consent was obtained from the parents of 
the children. We studied 40 children, ASA I or I, 
aged 3-12 yr, undergoing strabismus surgery. We 
excluded those with gastric or intestinal diseases, 
emesis and vomiting in the previous week, and those 
who received any medical therapy immediately 
before surgery. 

In this double-blind, prospective study, each child 


was allocated randomly to one of two groups. 
Acupuncture was performed on acupuncture point 
Pericard 6 (P6). P6 is located at the wrist between 
the tendons of the palmaris longus and flexor carpi 
radialis, 2 Cun proximal from the distal palmar 
crease. One Cun is equivalent to the width of the 
patient’s thumb across the interphalangeal joint. 
Patients in group A underwent laser stimulation of 
P6. We used a low-level laser with the following char- 
acteristics: diode laser with continuous laser beam; 
power output 10 mW; wavelength 670 nm laser 
(Minilaser 2010F, Helbo-Medizintechnik, Gallspach, 
Austria). Laser stimulation was performed on each 
P6 bilaterally over 30 s, 15 min before induction of 
anaesthesia and 15 min after arriving in the recovery 
room. In group B, the same low-level laser was held 
on P6, but the laser beam was not activated. Neither 
the children nor their parents were able to tell if the 
laser was active. Both laser and placebo acupuncture 
were performed by the same investigator. 

All patients were allowed solid food or clear fluids 
up to 6 h before anaesthesia. Oral premedication 
with midazolam 0.4 mg kg’ and atropine 0.02 mg 
kg’ was given 1 h before transfer to the operating 
room. For painless placement of an i.v. cannula, each 
child received 5% EMLA cream (Astra, Austria) on a 
vein in the left cubita or on the back of the left hand. 

Strabismus repair was performed under general 
anaesthesia. Thiopental 5 mg kg’, rocuronium 
0.6 mg kg” and fentanyl 2 ug kg’ were administered 
i.v. for induction of anaesthesia. After intubation, 
anaesthesia was maintained with 2-3% sevoflurane 
and 66.6% nitrous oxide in oxygen with controlled 
ventilation. Fluid deficit was replaced by an i.v. mix- 
ture of three parts Ringer’s lactate solution and two 
parts 5% dextrose. Residual neuromuscular block 
was antagonized with prostigmine 0.05 mg kg” and 
atropine 0.025 mg kg’. Immediately after arrival in 
the recovery room, all patients received paracetamol 
suppositories 10 mg kg™ for postoperative analgesia. 
The second laser sumulation was performed 15 min 
after arrival in the recovery room. After the children 
were awake and had stable vital functions, they were 
transferred to their rooms. Dimenhydrinate supposi- 
tories 50 mg were given as rescue antiemetic. 

The incidence of vomiting was recorded by the 
nursing staff in the recovery room and on the ward 
over 24h. 
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Table 1 Panent characteristics (mean (sp) or number) in the two groups 
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Laser acupuncture Placebo acupuncture 
(n= 20) (n= 20) 
Age (yr) 5.9 (1.8) 6.3 (1.9) 
Sex (M/F) 9/11 10/10 
Weight (kg) 21.5 (8.46) 24.1 (7.5) 
Anaesthesia duration (min) 72.6 (18.2) 66.42 (18.0) 
Surgery duration (min) 54. 15 (17,3) 46 7 (12.9) 
No. of muscles repaired, right side 1.82 (0.52) 1.92 (0.73) 
No. of muscles repaired, left side 1.78 (0.58) 1.53 (0.51) 


Table2 Incidence of postoperative vomiting (number (%)) in the two groups. P=0.0001 between groups 





Group Vomiting Non~Vomitng 
Laser acupuncture (7=20) 5 (25%) 15 (75%) 
Placebo acupuncture (n=20) 17 (85%) 3 (15%) 








Table3 Appearance of first episode of vomiting after surgery (number (%)) in the two groups 


























Group 0-2h 0-6h 0-12h 12-24h 

Laser acupuncture (n=20) 0 (0%) 3 (15%) 4 (20%) 1 (5%) 

Placebo acupuncture (1=20) 6 (30%) 13 (65%) 14 (70%) 3 (15%) 
The number of patients required was determined Discussion 


by power analysis. We assumed that the incidence of 
vomiting would be 70% in the control group and 
30% in the acupuncture group. P<0.05 was regarded 
as statistically significant. Statistical analysis was per- 
formed using SPSS 6.1 (SPSS Inc.). Fisher’s exact 
test was used to determine the incidence of vomiting, 
and the unpaired t test to analyse patient data. 


Results 


There were no significant differences between the 
groups in age, sex distribution, ASA status, weight, 
height, duration of anaesthesia, duration of surgery 
or number of repaired muscles (table 1). Because of 
difficult placement of the i.v. cannula in two awake 
children, general anaesthesia was induced with 
sevoflurane administered by mask (one child in each 
group). 

Compared with the placebo group, the incidence of 
vomiting was significantly lower in the acupuncture 
group (P=0.0001). In the first 24 h after surgery, vom- 
iting occurred in five (25%; 95% confidence interval 
(CD 8.56-49.10%) of 20 patients in the laser acupunc- 
ture group and in 17 (85%; 95% CI 62.11-96.79%) of 
20 children in the placebo group (table 2). 

In the laser acupuncture group, no patient vomited 
in the first 2 h after surgery. In the same interval, 
vomiting occurred in six children in the placebo 
group. Within the first 6 h, three (15%) children in 
the laser acupuncture group and 13 (65%) in the 
placebo group vomited. During 0-12 h after surgery, 
the incidence of vomiting in children who had 
received laser acupuncture (20%) differed from 
those who had placebo acupuncture (70%). In the 
acupuncture group one child, and in the placebo 
group three children, vomited for the first time 
12-24 h after surgery (table 3). 

Two children who received laser acupuncture and 
14 children in the placebo group required antiemetic 
rescue therapy. 


Using laser stimulation of acupuncture point P6, we 
have demonstrated a significant reduction in postop- 
erative vomiting in children undergoing strabismus 
surgery. These results do not correspond with previ- 
ous studies in paediatric patients, in whom needle 
acupuncture, acupressure or transcutaneous electri- 
cal stimulation of P6 was performed to reduce post- 
operative vomiting.” ” 

Acupuncture of P6 in adult patients has been 
shown to reduce the incidence of postoperative 
vomiting.” *** Most of these studies were conducted 
in gynaecolagical patients and in all, acupuncture was 
carried out before induction of anaesthesia. Timing of 
acupuncture seems to be important for the effective- 
ness of P6” ”; it seems important that stimulation is 
performed before induction of anaesthesia, Dundee 
and Milligan” showed no antiemetic effect of P6 
when opioids were administered before acupuncture. 
Weightman, Zacharias and Herbison were unable to 
demonstrate an antiemetic effect when acupuncture 
was performed during general anaesthesia”. 

Yentis and Bissonnette” performed acupuncture 
over 5 min on P6 in anaesthetized children immedi- 
ately before starting surgery. In this study, the investi- 
gators found no difference in the incidence of 
postoperative vomiting after droperidol (41%), 
acupuncture (43%) and acupuncture—droperidol 
(34%). Because there was no placebo group, Yentis 
and Bissonnette” have shown only that acupuncture 
and the combination of acupuncture and droperidol 
did not decrease the incidence of postoperative 
vomiting compared with droperidol alone. This 
seems important because other investigations using 
droperidol showed a reduction in postoperative vom- 
iting in children undergoing strabismus surgery. °” 

Schwager, Baines and Meyer used transcutaneous 
electrical stimulation of P6 to prevent postoperative 
vomiting in children undergoing circumcision and 
orchidopexy surgery.” This method is non-invasive, 
but they stimulated P6 in anaesthetized patients. The 
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reason why electrical stimulation did not prevent 
postoperative vomiting could be the same as in all other 
studies in which acupuncture of P6 was performed 
after induction of anaesthesia. Additionally, transcu- 
taneous electrical stimulation is shorter acting and 
less effective than needle acupuncture.” ” 

Compared with needle acupuncture, acupressure 
allows painless stimulation of P6 “””” and is there- 
fore useful in children. However, this method has 
failed in paediatric patients undergoing strabismus 
surgery.” It may be that stimulation of P6 with acu- 
pressure alone was insignificant to prevent postoper- 
ative vomiting in children after strabismus surgery.” 
Previous studies with acupressure in adult patients 
have also shown that acupressure reduced nausea but 
not vomiting.” 

If the prevention of postoperative vomiting by 
stimulation of P6 requires awake patients in order to 
be effective, needle acupuncture is unsuitable in pae- 
diatric patients. In contrast with invasive needling, 
laser stimulation of acupuncture points allows pain- 
less acupuncture. Our results showed that painless 
laser acupuncture reduced postoperative vomiting in 
paediatric patients undergoing strabismus surgery, 
primarily in the early postoperative period. 

In contrast with previous studies, we performed 
laser stimulation of P6 before induction of anaesthe- 
sia and in the recovery room. Each acupuncture 
point was stimulated for 30 s. The first stimulation of 
P6 was conducted 15 min before induction of anaes- 
thesia and the second 15 min after surgery. This may 
account for the good antiemetic effect. Most of the 
recent studies showed an antiemetic effect of P6 
when acupuncture was performed only once, imme- 
diately before induction of anaesthesia.’*”’”* Ho and 
colleagues demonstrated a significant reduction in 
postoperative vomiting in adult patients when post- 
operative electroacupuncture was performed.” Yang 
and co-workers also found an antiemetic effect when 
a 50% glucose solution was injected after operation 
into P6.” Whether single laser stimulation of P6 is 
also sufficient to reduce postoperative vomiting after 
strabismus surgery in paediatric patients should be 
examined in further studies. 

The antiemetic effects of P6 stimulation by a 
low-level laser were similar to those reported in stud- 
ies which investigated the effects of antiemetic agents 
in children undergoing strabismus surgery.’?7"°*°**? 
Therapy with drugs such as ondansetron, droperidol 
and metoclopramide, however, is often associated 
with side effects.“ In comparison, stimulation of 
P6 with a low-level laser has no known side effects. 
However, it must be remembered that direct laser 
irradiation of the retina should be avoided by 
laser-protection glasses and correct handling. 
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Perioperative reliability of an on-site prothrombin time assay under 


different haemostatic conditions 


M. P. ZALUNARDO, A. ZOLLINGER, B. SEIFERT, M. PATTI AND T. PASCH 


Summary 


Perioperative use of laboratory coagulation 
assays is limited by the delay in obtaining 
results. The management of haemostasis during 
major surgical procedures requires rapid and 
accurate measurement of the prevailing coagu- 
lation status. In this prospective study, we have 
evaluated the reliability of on-site prothrombin 
time assessed by the portable coagulation moni- 
tor CoaguChek-Plus compared with standard 
laboratory assays during elective non-cardiac 
surgery. Sixty-two patients were assigned to one 
of three groups: group A=normal preoperative 
coagulation where minor intraoperative blood 
loss is expected; group B=normal preoperative 
coagulation where major intraoperative blood 
loss is expected; and group C=preoperative anti- 
coagulation and minor intraoperative blood loss 
expected. On-site prothrombin time and labora- 
tory prothrombin time showed poor correlation 
in group A (r°=0.24; bias (2 sp) 1.80 (3.34) s) and 
group B (r’=0.30; 1.43 (3.12) s). The correlation in 
group C was better (r’=0.71; 1.41 (1.92) s). We 
conclude that prothrombin time measured with 
the CoaguChek-Plus monitor did not appear to 
be suitable for the management of haemostasis. 
(Br. J. Anaesth. 1998; 81: 533-5386). 


Keywords: blood, coagulation; blood, haemostasis; measure- 
ment techniques, coagulation 


Intraoperative assessment of coagulation is of major 
concern, as it may alter rapidly during surgery as a 
result of both major blood loss and volume replace- 
ment with colloids, crystalloids and blood compo- 
nents. Furthermore, an increasing number of 
patients with compromised haemostatic potential 
present for surgery. The prothrombin time (PT) 
assay is used in the perioperative period as a routine 
measure of the extrinsic pathway of coagulation. The 
clinical use of most laboratory coagulation assays, 
including PT, continues to be restricted by the delay 
in obtaining results. Rapid determination of PT may 
be helpful in the case of major bleeding and coagu- 
lopathy. Despotis and colleagues demonstrated that 
the use of on-site coagulation assays can reduce the 
use of blood products, decrease operating time and 
minimize chest tube drainage in cardiac surgery.” 

The portable coagulation monitor CoaguChek- 
Plus (Boehringer Mannheim, Germany, formerly 
Biotrack 512, Ciba-Corning, Medfield, MA, USA) 
has been shown to measure accurately intraoperative 


on-site PT in less than 3 min.’ * Comparison of 
results with those of standard laboratory assays has 
been made in cardiac” and gynaecological surgery.‘ 
The purpose of our prospective study was to evaluate 
the reliability of CoaguChek-Plus prothrombin time 
(CC-PT) in comparison with simultaneous standard 
laboratory prothrombin time (LAB-PT) assays under 
different haemostatic conditions during elective non- 
cardiac surgery. 


Patients and methods 


After obtaining approval from the Ethics Committee 
and informed patient consent, we studied 62 patients 
with no history of bleeding. Patients were allocated to 
one of three groups: group A=normal preoperative 
coagulation and minor intraoperative blood loss 
expected; group B=normal preoperative coagulation 
and major intraoperative blood loss expected; and 
group C=preoperative oral anticoagulation with 
phenprocoumon (Marcoumar) or acenocoumarol 
(Sintrom), discontinued before surgery, or high-dose 
i.v. heparin. The inclusion criterion for those receiv- 
ing oral anticoagulants was a laboratory PT <65% 
(corresponding to an international normalized 
ratio (INR) of >1.4) on the day before surgery. The 
inclusion criterion for patients receiving heparin was 
a daily dose of heparin >15 000 u. (Liquemin). 
Assessment of PT was performed on 3-5 separate 
occasions: (1) before operation, after induction of 
anaesthesia; (2) during operation, up to three times, 
depending on the length of the surgical procedure 
and amount of blood loss and fluid replacement; and 
(3) after operation, before patient transport from the 
operating theatre to the recovery room or intensive 
care unit. 

CC-PT measurements were performed strictly in 
accordance with the manufacturer’s instructions. 
The technical and methodological aspects of the 
CoaguChek-Plus monitor have been described by 
Lucas and colleagues.’ All blood samples were 
obtained from a non-heparinized central venous 
catheter, the catheter being rinsed with 20 ml of 
saline beforehand. 10 ml of blood were withdrawn 
and discarded before sampling. For the CoaguChek- 
Plus, one drop of the sampled blood was applied 
immediately to the inserted CC-PT cartridge. For the 
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Table 1 Perioperative packed cell volume (PCV) and intraoperative blood transfusion (mean (sp)). 
CC-PT=CoaguChek-Plus prothrombin time (PT) measurements; LAB-PT=laboratory PT measurements. 
**P<0.01, ***P< 0.001, significant differences in group B compared wth both groups A and C 








Number of comparisons (CC-PT vs LAB-PT) 
Preoperative PCV (%) 

Postoperative PCV (%) 

Packed red blood cells transfused (ml) 


standard laboratory assay, 10 ml of whole blood were 
drawn up into a citrate-containing glass tube and 
sent immediately to the laboratory. LAB-PT mea- 
surements were performed using the Electra 1600 C 
(Medical Laboratory Automation, Pleasantville, NY, 
USA) and thromboplastin Innovin (DADE Behring, 


Illinois, USA). The INR, calculated by the 
CoaguChek-Plus monitor, was compared with the 
INR of the laboratory assay. 

STATISTICAL ANALYSIS 


Comparisons between groups (packed cell volume 
(PCV), units of transfused blood) were made using 
analysis of variance (ANOVA) and the Bonferroni- 
Dunn test. Possible trends in the differences in con- 
secutive measurements were analysed by ANOVA for 
repeated measures with the Greenhouse—Geisser 
correction. The correlation between CC-PT and 
LAB-PT measurements was determined by linear 
regression and bias analysis. P<0.05 was considered 
statistically significant. The statistical program used 
was Stat View for Windows v. 4.57 (Abacus Concepts 
Inc.) running on an IBM personal computer. 


Results 


PCV values before and after operation and packed 
red blood cell requirements are shown in table 1. 
Preoperative PCV was similar in all groups. Group B 
had a significantly higher intraoperative need for 
packed red blood cells. After operation, following 
blood product use, PCV in group B was significantly 
lower than that in the two other groups. 

Immediate preoperative PT measurements were 
similar in all groups. There was an over-reading 
(bias) of 1.41 s (group C) to 1.80 s (group A) in 
CC-PT compared with LAB-PT (fig. 1). CC-PT and 
LAB-PT correlation values (r’) were 0.24, 0.30 and 
0.71 in groups A, B and C, respectively (fig. 2). 
Expression of PT as INR (logarithmic scale) did not 
improve the correlation between CC-PT and 
LAB-PT, with 7° values of 0.12, 0.12 and 0.73 for 
groups A, B and C, respectively. Extreme outliers in 
group A and B are apparent in figures 1 and 2. 

There was no trend in the accuracy between mea- 
surements before, during and after operation for all 
groups. Furthermore, accuracy was similar for nor- 
mal (PT <13.5 s) and abnormal (PT =13.5 s) ranges 
of PT. Most of the abnormal PT values were found in 
group B. 


Discussion 


We found only a weak correlation between pro- 
thrombin time measured with the CoaguChek-Plus 





Group A Group B Group C 
138 37 16 

37.1 (7.1) 34.7 (10.6) 39,2 (3.9) 
30.9 (6.7) 23.4 (3.7) ** 31.2 (3.8) 
820 (496) 2160 (684)*** 350 


monitor and that measured in the laboratory. Several 
outliers contributed substantially to the poor accu- 
racy of the device. In several cases the difference in 
LAB-PT and CC-PT was 10-16 s. Thus the 
CoaguChek-Plus monitor indicated an abnormal PT 
when a normal PT was verified by standard labora- 
tory testing and clinical judgement. These false 
pathological PT values may lead to unnecessary and 
potentially harmful substitution therapy with blood 
products. There were no outliers in group C, but the 
probability of outliers occurring was limited because 
of the low number of comparisons (16 vs 138 and 37 
for groups A and B, respectively). Accordingly, the 
best correlation was found in this group. The poor 
accuracy of the device was found equally for mea- 
surements before, during and after operation, and for 
different ranges of PT. 

In view of the small number of outliers, it might be 
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Figure 1 Bland Altman plot showing bias (mean of differences) 
and precision (1.96 st of these differences) of prothrombin time 
obtained by the CoaguChek-Plus monitor (CC-PT) compared 
with prothrombin time measured with standard laboratory assays 
(LAB-PT) in group A (n=138; A), group B (n=37; B) and group C 
(n=16, C), respectively. 
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Figure2 Equations of regression lines and plots of hnear 
regression showing prothrombin time measured using standard 
laboratory assays (LAB-PT) compared with prothrombin time 
obtained by the CoaguChek-Plus monitor (CC-PT) for groups 
A (a), B (B) and C (c). 


argued that technical or handling errors may have 
been responsible for inaccurate measurements. 
However, blood sampling, measurements and cali- 
bration were performed carefully by the investigators 
in strict accordance with the recommendations of the 
manufacturer. Moreover, in daily clinical practice, an 
on-site coagulation monitor should be easily and reli- 
ably used by theatre staff. 

The accuracy of measurement of PT with the 
CoaguChek-Plus coagulation monitor has been vali- 
dated in a wide range of medical specialities, such as 
clinical pathology,” haematology,” cardiac surgery” 
and gynaecological surgery. Most studies showed 
acceptable accuracy in comparison with standard 
laboratory methods., Jennings, Luddington and 
Baglin evaluated the CoaguChek-Plus for the control 
of oral anticoagulation. They compared several 
thromboplastins, including lyophilized rabbit brain 
thromboplastin used in the CoaguChek-Plus moni- 
tor with the “consensus” (mean of all compared INR) 
within the therapeutic:range for oral anticoagulation. 
The results showed a clinically and statistically signifi- 
cant overestimation by the CoaguChek-Plus monitor. 
The authors concluded that the CoaguChek-Plus 
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would be suitable for decentralized anticoagulant 
monitoring, but should not be used when laboratory 
testing with standard thromboplastin is available. 

The international sensitivity index (ISI), which has 
a logarithmic relationship to INR, describes the indi- 
vidual sensitivity of a thromboplastin compared with 
the WHO (World Health Organisation) reference 
thromboplastin. Tripodi and colleagues determined 
the ISI and precision of the INR of the 
CoaguChek-Plus monitor compared with the sec- 
ondary international WHO reference preparation for 
rabbit thromboplastin.” ISI was 2.715, which is 
higher than that adopted by the manufacturer 
(2.036), and also higher than the laboratory throm- 
boplastin of our study (0.96). The authors suggested 
that the poor correlation of INR may be caused by 
the high ISI. They also recommended the use of 
more sensitive thromboplastins with lower ISI values 
because these show smaller between-laboratory vari- 
ability. This argument may also explain the worsen- 
ing of the correlation we found in groups A and B 
after expressing PT as INR units. Nevertheless, for 
comparison of PT values, INR is the only relevant 
parameter.” In accordance with Tripodi and col- 
leagues, we would prefer a more sensitive thrombo- 
plastin for on-site PT measurement. 

Despotis and colleagues’ and Reich and 
colleagues’ reported an acceptable accuracy for the 
CoaguChek-Plus monitor in cardiac surgery com- 
pared with laboratory standard assays. Samama and 
colleagues also found good correlations in vascular 
and gynaecological surgery.‘ In contrast, Nuttal and 
colleagues found only moderate correlation with 
laboratory assays in their study of 100 patients 
undergoing cardiopulmonary bypass.* These authors 
concluded that “speeding access” to hospital labora- 
tory results would be a more efficacious alternative. 

In contrast with previous work, we performed 
repeated measurements in individual patients. 
Furthermore, the reliability of the CoaguChek-Plus 
monitor was evaluated under various haemostatic 
conditions. Its accuracy may suffice for the control of 
oral anticoagulation, but our results indicate that 
CoaguChek-PT measurements are not reliable 
enough for clinical decision making in non-cardiac 
surgery. 

During elective aortic replacement surgery, even 
laboratory PT has been shown to be unreliable for 
assessing coagulation status.” Within the past 
decade, thrombelastography has become a useful 
adjunct to intraoperative haemostasis management, 
enabling a global assessment of haemostatic func- 
tion. * Together with the processes of clot formation, 
clot strengthening and clot lysis, even platelet func- 
tion can be determined.” The various thrombelasto- 
graphic variables correlate closely with intraoperative 
coagulopathy and enable selective substitution of 
blood products in accordance with the specific 
requirements of the case.” If indicated, an accurate 
platelet count may also be obtained on-site.” 

In summary, we advise against the use of the 
CoaguChek-Plus coagulation monitor to evaluate the 
patient’s prevailing prothrombin time or to monitor 
changes during non-cardiac surgery. The associated 
time-saving effect does not compensate for the lack of 
reliability. Perioperative haemostasis management 
should be based primarily on good clinical judgement 
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and reliable coagulation testing, such as is provided 
by laboratory coagulation status, when indicated in 
combination with on-site platelet count, on-site acti- 


vated clotting time or thrombelastography.'*'*”* 
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Laryngeal mask airway and incidence of gastro-oesophageal reflux in 
paralysed patients undergoing ventilation for elective orthopaedic 


surgery 


F. AGRO, J. BRIMACOMBE, C. VERGHESE, M. CARASSITI AND R. CATALDO 


Summary 


We have studied the incidence of gastro- 
oesophageal reflux associated with the laryn- 
geal mask airway (LMA) in 82 paralysed patients 
undergoing ventilation for elective orthopaedic 
surgery. Anaesthesia was managed by skilled 
LMA users. A pH-sensitive probe was passed 
nasally into the oesophagus before induction 
and recordings made during five phases of 
anaesthesia. Anaesthesia was induced with 
propofol and fentanyl and maintained with 
0.5-1.5% isoflurane and nitrous oxide in oxygen. 
Neuromuscular block was produced with 
vecuronium and the train-of-four count main- 
tained at <1. Towards the end of surgery, neuro- 
muscular function was allowed to recover 
spontaneously. All LMAs were inserted at the 
first attempt and ventilation was successful in all 
patients. There were no adverse airway events. 
Mean oesophageal pH values during each phase 
of anaesthesia were: before insertion 5.88 
(sp 0.77), placement 5.85 (0.74), maintenance 
5.89 (0.73), emergence 5.71 (0.78) and removal 
5,82 (0.75). There were no reflux events (pH <4.0) 
during any phase of anaesthesia. We conclude 
that the incidence of gastro-oesophageal reflux 
is low in paralysed patients undergoing ventila- 
tion for elective orthopaedic surgery when 
antagonism of neuromuscular block is avoided. 
The validity of these findings for unskilled LMA 
users is unknown. (Br. J. Anaesth. 1998; 81: 
537-539). 


Keywords: gastrointestinal tract, pH; gastrointestinal tract, 
reflux, equipment, masks anaesthesia; surgery, orthopaedic 


The laryngeal mask airway (LMA) has gained wide- 
spread popularity as a general purpose airway and 
has some advantages over the tracheal tube and face 
mask.’ A limiting factor with the use of the LMA is 
the lack of airway protection from regurgitated gas- 
tric contents,’ and some practitioners consider that 
the presence of the device in the pharynx could pro- 
mote regurgitation.” Published data have provided 
conflicting results, with a reported incidence of gas- 
tro-oesophageal reflux of 0-80%.*™ In this study, we 
have determined the incidence of gastro-oesophageal 
reflux associated with the LMA in paralysed patients 
undergoing ventilation for elective orthopaedic 


surgery. 


Patients and methods 


After obtaining approval from the Hospital Ethics 
Committee and written informed consent, we stud- 
ied 82 consecutive adult patients, ASA I-I, under- 
going elective orthopaedic surgery at the University 
School of Medicine LIU Campus Bio-Medico, 
Rome, Italy. Patients were excluded if they were <18 
yr, required surgery in non-supine Positions, had a 
body mass index (BMI) >35 kg m“, were at risk of 
aspiration (previous upper gastrointestinal tract 
surgery, known or symptomatic hiatus hernia, 
oesophageal reflux, peptic ulceration or not fasted) 
or were considered otherwise unsuitable for an 
LMA. Patients receiving antacid therapy or drugs 
affecting gastrointestinal motility were excluded. All 
investigators were experienced with the LMA (>200 
uses and first-time failure rate <5%). 

Premedication comprised midazolam 0.04 mg kg” 
i.v., approximately 30 min before induction. A 
monocrystalline antimony pH electrode (Zinetucs 
Medical Inc, Salt Lake City, UT, USA) was placed in 
the stomach via the nose before induction of anaes- 
thesia. Intragastric position was confirmed by the 
presence of a low pH. The electrode (2 mm) was then 
positioned in the lower oesophagus by withdrawing it 
slowly until a higher pH was obtained (pH 5-6). 
A flexilog 1011 pH data logger system/monitor 
(Oakfield Instruments Ltd, Oxford, UK) recorded 
pH every 6 s and displayed the mnformation con- 
tinuously on a visible liquid crystal display screen. 
Before and after each use, the electrode was adjusted 
in buffer solution at pH 4 and pH 7, 37°C. Any 
decrease in pH to <4.0 was deemed to indicate gastro- 
oesophageal reflux.” Data from the data logger were 
downloaded to a computer for further analysis. 

Standard monitoring was applied, including an 
ECG, pulse oximeter, capnograph and non-invasive 
arterial pressure monitor. A TOF guard accelerome- 
ter (Biometer Int., Odense, Denmark) was used to 
quantify neuromuscular block. Patients were preoxy- 
genated for 2 min, and then fentanyl 5 ug kg” 1.v. was 
given followed 1 min later by propofol 3 mg kg” i.v. 
over 30 s. Patients’ lungs were ventilated by face 
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mask for 30 s with 100% oxygen. The LMA was 
inserted using the standard technique’ when the 
eyelash reflex was lost, the jaw was relaxed and the 
patient apnoeic. Additional bolus doses of propofol 
0.5 mg kg’ i.v. were given as required until an ade- 
quate level of anaesthesia was achieved for placement 
of the LMA. Anaesthesia was maintained with 
0.5~1.5% isoflurane and 67% nitrous oxide in oxygen. 

A size 4 LMA was used for small adults (<60 kg) 
and a size 5 for large adults (260 kg). The LMA cuff 
was inflated with air until an effective seal was 
formed or up to the maximum recommended vol- 
ume (30 ml, size 4; 40 ml, size 5). Adequate ventila- 
tion was judged by chest wall movement, cap- 
nography and an airway sealing pressure” 210 cm 
H,O during manually assisted ventilation. If ade- 
quate ventilation was not possible, the LMA was 
removed and a different size inserted. After insertion 
of the LMA, the position of the probe was verified to 
ensure that it had not migrated distally. A rolled 
gauze swab was inserted as a bite block and the LMA 
fixed in place in the midline using adhesive tape with 
the tube following its natural caudal curve. When 
adequate ventilation was established, patients were 
given vecuronium 0.1 mg kg’ and neuromuscular 
block was maintained using increments of 0.03 mg 
kg” if the train-of-four count was >1. Patients under- 
went positive pressure ventilation (Ohmeda 210 
Excel, Ohmeda Inc., Madison, USA) with tidal vol- 
umes of 8 ml kg‘; peak airway pressure was <20 cm 
FLO. Ventilatory frequency was adjusted to maintain 
PE'co, in the normal range (4.3—4.7 kPa). Epigastric 
stethoscopy was performed for 1 min during mainte- 
nance of anaesthesia to detect any air entering the 
stomach. Towards the end of surgery, neuromuscular 
function was allowed to recover spontaneously and 
anaesthesia was discontinued when the train-of-four 
ratio was >0.7. Patients underwent manually assisted 
ventilation until spontaneous breathing resumed. 
The LMA was removed when the patient was able to 
open their mouth to command. 

Failed positive pressure ventilation was defined as 
Sa, <95% with an Fi, of 0.33 or PE'o, >4.7 kPa. Any 
adverse airway events, such as a change in patient posi- 
tion, coughing, hiccups, gagging or bucking were 
noted and timed. All pH data were analysed indepen- 
dently by two investigators. Gastro-oesophageal reflux 
was observed and analysed during five consecutive 
phases of anaesthesia: (1) pre-insertion phase (place- 
ment of probe to commencement of insertion of the 
LMA); (2) placement phase (insertion of the LMA to 
establishment of an effective airway); (3) maintenance 
phase (effective airway to discontinuation of anaesthe- 
sia); (4) emergence phase (discontinuation of anaes- 
thesia until removal of the device); and (5) removal 
phase (removal of device until removal of pH probe). 


Results 


Mean age, height, weight, body mass index and dura- 
tion of surgery were 42 (range 21-81) yr, 165 (sp 9, 
range 148-181) cm, 70 (13, 43-105) kg, 25.7 (4.4, 
19-35) kg m™ and 50 (20, 22-184) min, respectively. 
All LMAs were inserted at the first attempt and ven- 
tilation was successful in all patients. There were no 
adverse airway events in any patient and gastric 
insufflation was not detected. Mean preoperative 
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gastric pH was 2.5 (sp 0.32). Mean oesophageal pH 
values during each phase of anaesthesia were: before 
insertion 5.88 (sp 0.77, range 4.1-6.8), placement 
5.85 (0.74, 4.3-6.8), maintenance 5.89 (0.73, 
4.2-6.5), emergence 5.71 (0.78, 4.0-6.8) and 
removal 5.82 (0.75, 4.1-6.6). There were no reflux 
events during any phase of anaesthesia. 


Discussion 


Our data suggest that the incidence of gastro- 
oesophageal reflux is low in paralysed patients under- 
going ventilation for elective orthopaedic surgery. 
Assuming a binomial distribution for the number of 
regurgitations, the upper limit for the probability when 
no cases have been observed in 82 patients is 0.046.” 
Therefore, we can state with 95% confidence that the 
true rate of gastro-oesophageal reflux is <4.6%. 

Valentine, Stakes and Bellamy, who studied 10 
paralysed patients undergoing ventilation with an 
oesophageal pH probe, reported gastro-oesophageal 
reflux in 40% of patients, increasing to 80% during 
antagonism of neuromuscular block.’ This was 
attributed to possible gastric insufflation. A recent 
study by Bapat and Verghese of 100 paralysed 
patients undergoing ventilation for gynaecological 
laparoscopy reported no hypopharyngeal reflux 
events when managed by experienced LMA users, 
even in patients at risk of regurgitation.” One reason 
for the lower incidence of reflux may have been that 
pH was measured in the hypopharynx; thus reflux 
events in the upper oesophagus may have been unde- 
tected. The differences may also be related to the def- 
inition of reflux: Valentine, Stakes and Bellamy 
considered a discrete pH change of 1 or more units, 
or an absolute decrease to less than 5, to be indicative 
of reflux, whereas Bapat and Verghese selected an 
absolute decrease below 4. However, it has also been 
suggested that the high incidence of reflux in the 
study of Valentine, Stakes and Bellamy may have 
been caused by inadequate depth of anaesthesia, 
premature antagonism of neuromuscular block 
and inexperience with the LMA.“ It has been shown 
that most episodes of gastro-oesophageal reflex dur- 
ing anaesthesia are related to the conduct of anaes- 
thesia and occur during coughing or bucking.” * 
There is both a short-" and long-term” learning 
curve with the LMA. In our study, all anaesthetists 
were experienced and skilled in the use of the LMA, 
and there were no episodes of coughing or bucking. 
It is not known if avoidance of antagonism of neuro- 
muscular block contributed to the low incidence of 
gastro-oesophageal reflux in our series. Although 
Valentine, Stakes and Bellamy reported a high inci- 
dence of reflux events during antagonism, Bapat and 
Verghese reported no reflux events at that time. 

In summary, our data suggests that the incidence 
of gastro-oesophageal reflux is low in paralysed 
patients undergoing ventilation for elective ortho- 
paedic surgery when antagonism of neuromuscular 
block is avoided. The validity of these findings for 
unskilled LMA users is unknown. 


References 


1. Brimacombe J. The advantages of the LMA over the tracheal 
tube or fecemask: a meta-analysis. Canadian Journal of 
Anaesthesia 1995; 42: 1017—1023. 


Gastro-oesophageal reflux with the LMA 


. Brimacombe J, Berry A. The incidence of aspiration associated 
with the laryngeal mask airway—a meta-analysis of published 
literature. Journal of Chmcal Anesthesia 1995; 7: 297-305. 

. Rabey PG, Murphy PJ, Langton JA, Barker P, Rowbotham 
DJ. Effect of the laryngeal mask airway on lower oesophageal 
sphincter pressure in patients during general anaesthesia. 
Briush Journal of Anaesthesia 1992; 69° 346-348. 

. Joshi GP, Morrison SG, Okonkwo NA, White PF. Continuous 
hypopharyngeal pH measurements in spontaneously breath- 
ing anesthetised outpatients: laryngeal mask airway versus tra- 
cheal intubation. Anesthena and Analgesia 1996; 82: 254-257. 

. Akhtar TM, Street MK. Risk of aspiration with the laryngeal 
mask. British Journal of Anaesthesia 1994; 72: 447-450. 

. Barker P, Langton JA, Murphy PJ, Rowbotham DJ. 
Regurgitation of gastric contents during general anaesthesia 
using the laryngeal mask airway. British Journal of Anaesthesia 
1992; 69: 314-315. 

. El Mikatn N, Luthra AD, Healy TEJ, Mortumer AJ. Gastric 
regurgitation during general anaesthesia in different positions 


with the laryngeal mask airway. Anaesthesia 1995; 50: 


1053-1055. 

. Owens TM, Robertson P, Twomey C, Doyle M, McDonald N, 
McShane AJ. The incidence of gastroesophageal reflux with 
the laryngeal mask: a comparison with the facemask using 
esophageal lumen pH electrodes. Anesthesta and Analgesia 
1995; 80: 980-984. 

. Valentine J, Stakes AF, Bellamy MC. Reflux during positive 
pressure ventilation through the laryngeal mask. British 
Journal of Anaesthesia 1994; 73. 543-545. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


539 


Bapat P, Verghese C. Laryngeal mask airway and the incidence 
of regurgitation during gynecological laparoscopies. Anesthesia 
and Analgesta 1997; 85: 139-143. 

Brimacombe J, Brain AIJ, Berry A. The Laryngeal Mask 
Airway Instrucnon Manual. Henley-on-Thames: Intavent 
Research Ltd, 1996. 

Epstein RH, Ferouz F, Jenkins MA. Airway sealing pressures 
of the laryngeal mask airway ın pediatric patients. Journal of 
Chmecal Anesthesia 1996; 8: 93-98. 

Pearson ES, Hartley HO, eds. Biometric Tables for Statisncrans 

Cambridge: Cambridge University Press, 1970; 228. 

Brain AIJ, Brimacombe J, Berry A, Verghese C. Reflux during 
positive pressure ventilation through the laryngeal mask arr- 
way? British Journal of Anaesthesia 1995; 74: 489-490. 

Iling L, Duncan PG, Yip R Gastro-oesophageal reflux during 
anaesthesia. Canadian Journal of Anaesthesia 1992; 39 
466-470. 

Hardy JF, Lepage Y, Bonneville Choumnard N Occurrence of 
gastroesophageal reflux on induction of anaesthesia does not 
correlate with the volume of gastric contents. Canadian 
Journal of Anaesthesia 1990; 37° 502-508. 

Lopez-Gil M, Brimacombe J, Cebrian J, Arranz J. The laryn- 
geal mask airway in pediatric practice—a prospective study of 
skill acquisition by resident anesthesiologists. Anesthesiology 
1996; 84: 807-811. 

Brmacombe J. Analysis of 1500 laryngeal mask uses by one 
anaesthetist in adults undergomg routine anaesthesia. 
Anaesthesia 1996; 51: 76-80 


British Journal of Anaesthesia 1998; 81: 540-543 


Assessment of intubating conditions in adults after induction with 
propofol and varying doses of remifentanil 


S. GRANT, S. NOBLE, A. Woops, J. MURDOCH AND A. DAVIDSON 


Summary 

We have assessed intubating conditions in three 
groups of 60 ASA I or Il patients after induction 
of anaesthesia with propofol 2 mg kg’ and 
remifentanil 0.5, 1.0 or 2.0 ug kg”. Tracheal intu- 
bation was graded according to ease of laryn- 
goscopy, position of the vocal cords, coughing, 
jaw relaxation and movement of the limbs. 
Intubation was successful in 80%, 90% and 100% 
of patients after remifentanil 0.5, 1.0 or 2.0 ug kg”, 
respectively. Overall intubating conditions were 
regarded as acceptable in 20%, 50% and 80% of 
patients, respectively. All three groups had a 
decrease in arterial pressure after induction but 
there was no difference between groups. The 
decrease in arterial pressure was not regarded 
as clinically significant. Intubating conditions were 
best after induction with remifentanil 2 ug kg’ and 
propofol 2 mg kg™. (Br J. Anaesth. 1998; 81: 
540-543). 


Keywords: analgesics opioid, remifentanil; anaesthetics iv, 
propofol; Intubation tracheal 


The use of propofol and adjuvants such as short-act- 
ing opioids, adrenergic blockers and local anaesthetic 
agents, may provide adequate conditions for laryn- 
goscopy and tracheal intubation without the need for 
neuromuscular blocking ageats.'* Previous work in 
premedicated adults showed that tracheal intubation 
was successful after induction of anaesthesia with 
alfentanil and propofol and conditions were similar 
to those achieved with thiopental (thiopentone) and 
succinylcholine (suxamethonium). Given the phar- 
macokinetic profile of remifentanil, it was hypothe- 
sized that it may also be useful in facilitating tracheal 
intubation. 

After a small pilot study, we designed a prospec- 
tive, randomized, double-blind study to assess intu- 
bating conditions and haemodynamic changes in 
three groups of premedicated adults. Three doses of 
remifentanil (0.5, 1.0 and 2.0 pg kg”) supplementing 
induction of anaesthesia with propofol 2 mg kg“ 
were compared. 


Patients and methods 


After obtaining approval from the Ethics Committee 
and written informed consent, we studied 60 ASA I 
or JI patients undergoing elective inpatient surgery. 
Patients whose physical characteristics suggested dif- 
ficulties in intubation (modified Mallampati score I 


or IV)‘ and those who had a previously documented 
failed intubation were excluded. Patients with a his- 
tory of reactive airways disease, including asthma, 
and a history of upper gastrointestinal reflux were 
also excluded. All patients were premedicated with 
temazepam 20-30 mg and ranitidine 150 mg approx- 
imately 1 h before anaesthesia. 

On arrival in the anaesthetic room, an 18-gauge 
cannula was inserted into a peripheral vein, 
non-invasive arterial pressure, electrocardiogram 
(ECG) and pulse oximeter (Sp) were attached, and 
baseline measurements were recorded (pre-induc- 
tion). Patients were preoxygenated while these vari- 
ables were recorded. Patients were allocated 
randomly (using a computer program) before com- 
mencemen: of the study to one of three groups: group 
I=propofol 2 mg kg” and remifentanil 0.5 ug kg”; 
group Il=propofol 2 mg kg” and remifentanil 
1 ug kg’; and group Wl=propofol 2 mg kg“ and 
remifentanil 2 ug kg’. Assignment to each group was 
concealed using sealed envelopes. The envelope was 
opened and remifentanil was prepared by anaes- 
thetist No. 1. The remifentanil solution was diluted 
to a volume of 10 ml with 0.9% saline. Remifentanil 
was administered as a slow bolus infusion over 30 s. 
When the bolus dose of remifentanil was given, 
propofol 2 mg kg” was administered as a rapid i.v. 
bolus by hand-held syringe. When the patient lost 
consciousness, which was judged by loss of response 
to command and loss of eyelash reflex, ventilation via 
a mask was attempted by anaesthetist No. 2 (always 
J. A. D., who was blinded to the randomization group). 

Ease of ventilation was recorded as easy, difficult 
or impossible. Vital signs were measured 45 s after 
the bolus dose of propofol (post-induction). If the 
dose of propofol was not sufficient to produce loss of 
consciousness, as determined by anaesthetist No. 2, 
further propofol was titrated in incremental boluses 
of 20 mg until this was achieved. Ninety seconds 
after propofol was administered, laryngoscopy was 
attempted by anaesthetist No. 2. During laryn- 
goscopy and attempted intubation of the trachea, the 
anaesthetist performing intubation assessed each 
patient for one of five variables: jaw relaxation, expo- 
sure of the vocal cords, position of the vocal cords, 
patient movement and coughing. The criteria used 
for ranking these variables are shown in table 1. This 
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Table 1 Intubating condition score 





Score 

1 2 3 a 
Jaw relaxation Complete Slighttone Stiff Rigid 
Laryngoscopy Easy Fair Difficult Impossible 
Vocal cords Open Moving Closing Closed 
Coughing None Slight Moderate Severe 


Limb movement None Slight Moderate Severe 


Table 2 Patient data (mean (sp or range) or number) 


Group I Group II Group III 
Sex (m/f) 10/10 5/15 5/15 
Age (yr) 46 100-00 45 100-00 47 100-00 
Weight (kg) 75 (16.2) 72 (16.8) 71 (13) 


is a modification of the scoring system described by 
Helbo-Hansen, Ravlo and Trap-Andersen.” One 
attempt was allowed at laryngoscopy, and assessment 
of all variables was made from this attempt. 
Intubating conditions were judged as acceptable 
when all scores were 2 or less. If any of the scores 
were 3 or 4 for any of the five variables, intubating 
conditions were judged unfavourable. Patients in 
whom intubation was impossible were given rocuro- 
nium 600 ug kg‘ to optimize conditions. Vital signs 
were recorded (post-intubation). In the event of 
bradycardia (heart rate less than 50 beat min’), 
atropine 500 ug was administered. In the event of a 
decrease in mean arterial pressure of greater than 
25%, ephedrine was administered in 6-mg incre- 
ments. Anaesthesia was maintained at the discretion 
of the anaesthetist in charge. 


STATISTICAL ANALYSIS 


Parametric data were analysed using analysis of vari- 
ance. A change in arterial pressure or heart rate >20% 
was regarded as a clinically significant difference. 
Chi-square analysis was applied to non-parametric 
data and Bonferroni correction to multiple compar- 
isons. P<0.05 was regarded as significant. 


Results 


We studied 60 adults in three groups of equal size. 
The three groups were comparable in age and weight 
(table 2). 

Because 50% of the operating sessions were gynae- 
cological, there was a predominance of female subjects 
(40 females, 20 males). Intubation was completed suc- 
cessfully in 54 of 60 patients using propofol and 
remifentanil alone (16 of 20 in group I, 18 of 20 in 
group II and 20 of 20 in group III ). One subject in 
group I required rocuronium. Additional propofol 
only (20-80 mg) was required in five subjects in 
group I. Additional propofol and rocuronium were 
required in three subjects in group I and in two 
subjects in group II. All subjects given additional 
propofol, neuromuscular blocking drug, or both, were 
subsequently intubated successfully. Subjects who 
required additional propofol or a neuromuscular 
blocking agent were defined as having unacceptable 
intubating conditions. Individual assessment of jaw 
relaxation, view at laryngoscopy, vocal cord position, 
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Figure 1 Intubating condition score for laryngoscopy, vocal cords 
and coughing in patients in each group: 0.5=Remifentanil 0.5 ug kg 
and propofol 2 mg kg '; 1=remifentanil 1.0 ug kg ' and propofol 

2 mg kg '; and 2=remifentanil 2.0 ug kg ' and propofol 2 mg kg 


limb movement and coughing improved significantly 
as the dose of remifentanil was increased (fig. 1). 

Muscle rigidity or difficulty with ventilation was 
not found to be a problem in any of the 60 subjects. 
Overall assessment for all five variables at intubation 
is shown in figure 2. A score of 2 or less for all of the 
criteria in table 1 was deemed as satisfactory intubat- 
ing conditions. A score of 3 or greater for any of the 
criteria was categorized as unsatisfactory. Only four 
of 20 subjects (20%) in group I were judged to have 
satisfactory intubating conditions compared with 10 
of 20 (50%) in group II and 16 of 20 (80%) in group 
III. There was a statistically significant difference in 
overall intubation conditions between groups I, II 
and III (P<0.05). 

Cardiovascular responses to induction and intuba- 
tion are shown in figure 3. The initial haemodynamic 
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Figure2 Overall intubating conditions in patients in the three 
groups. All scores of s2=acceptable intubating conditions while any 
score >3=unacceptable intubating conditions. 0.5=Remifentanil 
0.5 pg kg ' and propofol 2 mg kg '; 1=remifentanil 1.0 pg kg | and 
propofol 2 mg kg '; and 2=remifentanil 2.0 ug kg ' and propofol 

2 mgkg'. 
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Figure 3 Heart rate (HR) and arterial pressure (MAP) responses 
to laryngoscopy and intubation after propofol-remifentanil 0.5 ug 
kg ' (P-R 0.5), propofol-remifentanil 1.0 ug kg ' (P-R 1.0) and 
propofol-remifentanil 2.0 ug kg ' (P-R 2.0). Within-group 
significant changes compared with values before induction: 
*P<0.05. B= Baseline; Post-ind.=after induction; Post-int.=after 
intubation. 


variables were similar in the three groups. There was 
a decrease in heart rate after induction in all three 
groups but this was not clinically or statistically sig- 
nificant. No patient required atropine. The decrease 
in arterial pressure after induction and intubation in 
all three groups was statistically significant compared 
with baseline, but was not regarded as clinically 
significant. There were no significant differences in 
arterial pressures between groups at any time. Two 
patients in group II were given ephedrine. 


Discussion 


Our data demonstrated that tracheal intubation was 
possible in premedicated adults with favourable air- 
way anatomy after i.v. induction with remifentanil 
and propofol. In combination with propofol 2 mg kg ', 
the best conditions achieved in this study were with 
remifentanil 2 ug kg '. 

Previous studies have concluded that intubation is 
possible without the use of neuromuscular blocking 
agents. Using only propofol 2.5 mg kg ', Keaveney and 
Knell’ reported satisfactory intubating conditions in 12 
of 20 patients. Saarnivaara and Klemola’ assessed vari- 
ous doses of alfentanil in premedicated adult patients 
and produced successful intubation in 86% of patients 
using alfentanil 30 ug kg ' and propofol 2.5 mg kg'. A 
similar success rate was reported by Coghlan, 
McDonald and Csepregi who studied unpremed- 
icated adults and achieved successful intubation in 
83% of patients using alfentanil 20 ug kg ` and propo- 
fol 2.5 mg kg '.’ Scheller, Zornow and Saidman’ stud- 
ied 75 patients (group I received tubocurarine 3 mg, 
thiopental 4 mg kg ‘ and succinylcholine 1 mg kg ' and 
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groups II-V alfentanil 30, 40, 50 or 60 ug kg’ com- 
bined with propofol 2 mg kg `). They concluded that 
in premedicated patients with favourable airway 
anatomy receiving alfentanil 40 ug kg' and propofol 
for induction, intubating conditions and patient 
response to intubation differed little from those 
achieved with thiopental and succinylcholine. 

Remifentanil is 20-25 times more potent than 
alfentanil. If our results are compared with the 
equally potent alfentanil 40 ug kg ' group in Scheller’s 
study, remifentanil 2 ug kg ' combined with propofol 
is comparable in terms of intubation and haemody- 
namic response. It has been suggested by Steyn and 
colleagues’ that by aiming for a defined clinical end- 
point at induction of anaesthesia rather than fixing 
the dose of propofol at 2 mg kg ‘, it might be possible 
to improve intubating conditions further and reduce 
side effects such as hypotension. However, even with 
the fixed dose of propofol in our study, the mean 
decrease in arterial pressure was not clinically signifi- 
cant. But we would add a caution to the use of this 
technique in the elderly or compromised patient. The 
decrease in arterial pressure which was compensated 
for by the reasonably healthy subjects in our study 
might not be as well tolerated in less healthy patients. 
The need for dose reduction in the elderly or compro- 
mised patient is an area of further study. A small per- 
centage of patients in this study experienced coughing 
after intubation but this did not interfere with passage 
of the tracheal tube. 

The effects of remifentanil are short acting,’ and 
timing to achieve the maximum effect of the combi- 
nation of propofol and remifentanil is important. 
Using a computerized pharmacokinetic model, 
we determined that peak blood concentrations would 
be approximately 6 ng ml' and that these would be 
achieved at approximately 90 s after our 30-s infu- 
sion of remifentanil 2 ug kg '. 

The short duration of action of remifentanil may 
confer an advantage over alfentanil where there are 
problems with prolonged apnoea in short surgical 
cases.” Metabolism of alfentanil has been shown to 
be very variable.” It is dependant on cytochrome 
P450 A34 and there is large inter-individual variation 
in the activity of this enzyme. Remifentanil is metab- 
olized by non-specific tissue esterases and has a 
reliable context-sensitive half-life of approximately 
3 min." This short half-life is not relevant however, if 
remifentanil and propofol are supplemented rapidly 
by inhalation anaesthetics after intubation. 

In the event of a prolonged difficult intubation 
which is predicted or, more importantly, unexpected, 
we feel this technique is advantageous. It allows 
assessment of the airway by laryngoscopy and also 
importantly if oxygenation is possible. The decision 
whether or not to awaken the patient or proceed can 
then be made. 

The reliably short duration of apnoea is the main 
advantage of remifentanil compared with alfentanil. 
We note from our clinical experience with this tech- 
nique that the duration of apnoea is similar to that 
with succinylcholine. The design of this dose-finding 
study made it impossible to assess the duration of 
apnoea scientifically and a follow-on study examin- 
ing this is underway. 

We see a potential use for this technique in ENT 
and gynaecological anaesthesia and in any case 
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where intubation is necessary but neuromuscular 
block is not required to facilitate surgical access. We 
also see potential use in cases where neuromuscular 
blocking agents are contraindicated (e.g. myopathies) 
or where succinylcholine is contraindicated but a 
rapid sequence technique is required (e.g. hyper- 
kalaemia, burns, plasma cholinesterase deficiency or 
penetrating eye injury). 
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Performance of proportional and continuous nitric oxide delivery 
systems during pressure- and volume-controlled ventilation{ 


M. J. HESMAYR, T. NEUGEBAUER, A. LasnicG, H. STELTZER, W. HADER AND H. Guy 


Summary 

We have evaluated the effect of delivering nitric 
oxide using a continuous flow system (CFS) or 
two commercially available proportional gas 
injection systems (PGIS), Nodomo (Dräger, 
Lübeck, Germany) and Pulmonox-Mini (Messer 
Griesheim Austria, Gumpoldskirchen, Austria) 
on measured and simulated concentrations of 
nitric oxide. Nitric oxide concentration was mea- 
sured in a bench test at five sites in the inspira- 
tory breathing system during volume- or 
pressure-controlled ventilation and mathemati- 
cally simulated using a mixing chamber model. 
For a target conceniration of 10 parts per million 
(ppm) at the “Y” piece, simulated nitric oxide 
concentrations were 1.9-139 ppm for CFS, 
0.3-22 ppm for the Nodomo and 0.0-31 ppm for 
the Pulmonox-Mini near the nitric oxide admin- 
istration site. However, peak concentrations 
decreased rapidly along the inspiratory system. 
Measured and simulated variations depended 
on the nitric oxide delivery system, site of mea- 
surement and tidal volume. Measured variations 
were four times smaller in the Nodomo than in 
the Pulmonox-Mini and CFS. As inappropriate 
mixing may occur even with PGIS, nitric oxide 
should probably not be administered near the 
“Y” piece. (Br. J. Anaesth. 1998; 81: 544-552). 


Keywords: pharmacology, nitric oxide; equipment, breathing 
systems 


Inhalation of nitric oxide at low doses’ has been used 
for the treatment of ARDS,’ persistent fetal circulation 
of the newborn’ and right heart failure.‘ Ideally, nitric 
oxide administration techniques should generate pre- 
cise and homogeneous mixtures of NO with the 
inspired gas.” Techniques for a¢ding small amounts of 
nitric oxide to the inspired gas may be categorized into 
continuous flow systems (CFS) that inject nitric 
oxide-nitrogen throughout the respiratory cycle,”* 
proportional gas injection systems (PGIS) that inject 
nitric oxide—nitrogen in proportion to the inspiratory 
gas flow’*” and non-proportional gas injection sys- 
tems” during inspiration. In theory, only PGIS should 
consistently generate precise and homogeneous nitric 
oxide mixtures, while CFS are known to generate 
inhomogeneous nitric oxide mixtures.°'*'* Non-pro- 
portional gas injection systems triggered by airway 
pressure appear to deliver relatively homogeneous 
mixtures during ventilation.” The performance of two 
commercial PGIS has been assessed recently.’ 
However, no direct comparison was made with the 


widely used CFS using the same measurement set-up. 
A single measurement set-up appears to be necessary 
because of the widely variable results obtained, even 
with fast-response measurements.” 

The aim of this study was to assess the homogene- 
ity and precision of gas mixing, on the basis of mea- 
sured maximal, minimal and mean nitric oxide 
concentrations in a bench test, and by mathematical 
simulation of “true” nitric oxide concentrations 
(NO,,,) using a mixing chamber model. The preci- 
sion of gas mixing was analysed by comparing mea- 
sured concentrations of nitric oxide (NO e) with set 
concentratians for the PGIS, and calculated concen- 
trations for CFS” during pressure- and volume-con- 
trolled ventilation of a test lung. Measurements were 
obtained at five sites along the inspiratory limb to 
reveal inhomogeneities related to nitric oxide deliv- 
ery systems and to estimate the effect of shortening 
the distance between the site of injection of nitric 
oxide and the site where the nitric oxide mixture 
enters the lung. 


Materials and methods 


EXPERIMENTAL SET-UP 


For all experiments a commercial test lung (LF 800, 
Dragerwerk, Lübeck, Germany) was ventilated with a 
ventilator (Evital, Drager, Libeck, Germany) in 
either volume- or pressure-controlled mode. As this 
lung model is designed only for controlled ventilation, 
spontaneous breathing patterns could not be studied. 
Ventilatory frequencies were 10, 20 and 30 bpm. 
We investigated small (300-400 ml), moderate 
(600-700 ml) and large (900-1000 ml) tidal volumes. 
The ratio of inspiratory to expiratory time was main- 
tained constant (1:2). The inspiratory flow rate was the 
same at each tidal volume. During volume-controlied 
ventilation, inspiratory flow was set to 0.5 litre s” for a 
ventilatory frequency of 10 bpm, 1 litre s” for 20 bpm 
and 1.5 litre s” for 30 bpm. During pressure- 
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controlled ventilation, we adjusted inspiratory pres- 
sure to achieve the same tidal volumes as those dur- 
ing volume-controlled ventilation. During pressure- 
controlled ventilation, two series of measurements 
were performed: the first series using the same com- 
pliance of 35 ml cm H,O” of the total respiratory sys- 
tem as during volume-controlled ventilation and the 
second series after having reduced compliance by 
approximately 50%. 

The standard respiratory breathing system con- 
sisted of disposable corrugated plastic tubing with a 
diameter of 22 mm (Laborex, Vienna, Austria) and a 
humidifier (MZ 290 Fisher Paykel, NZ Techno, 
Auckland, NZ) with a residual gas volume of 300 ml 
when filled. At six sites in this inspiratory limb, a con- 
nector designed for injecting or sampling gas in mid- 
_ stream (Gas line adapter 15M/15F&22M, Vital 
Signs, NJ, USA) was inserted. The nitric oxide injec- 
tion site was 20 cm downstream from the inspiratory 
outlet of the ventilator. Five measurement sites were 
chosen: site A=20 cm after the nitric oxide injection 
site, site B=60 cm after the nitric oxide injection site, 
site C=immediately after the humidifier, site D=100 
cm and site E=20 cm before the “Y” piece (fig. 1). 
The length between the nitric oxide injection site and 
the sampling site near the “Y” piece was 220 cm and 
volume 1136 ml. The nitric oxide mixture was sam- 
pled via lines of equal length (Gas sampling interface 
5640CEI, Vital Signs, NJ, USA). 


MEASUREMENT EQUIPMENT ` 


Nitric oxide concentration was measured using a 
chemiluminescence analyser (MLU 8840, Monitor 
Laboratories; 90% step response 3 s and a transport 
delay of 980 ms because of the sampling line; MLU 
Mödling, Austria). The nitric oxide mixture was sam- 
pled at a flow of 500 ml min”. The device was cali- 
brated before each set of measurements using 
certified gas mixtures containing nitric oxide- 
nitrogen 1041 ppm (AGA, Schwechat, Austria). 
Inspiratory flow and tidal volume were measured 
with an ultrasonic flowmeter (Spiroson, Isler 
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Bioengineering, Diirnten, Switzerland) after site E. 
Nitric oxide concentration, flow and volume data 
were digitized at 200 Hz and stored in a PC (Breath 
for MS Windows, Isler Bioengineering, Dürnten, 
Switzerland). 

To provide estimates of the mixing variables for the 
mathematical simulation, measurements with 26% 
carbon dioxide-nitrogen (AGA, Schwechat, Austria) 
were performed. Carbon dioxide concentrations were 
measured with a fast-response sidestream infrared 
analyser (90% step response time 300 ms, transport 
delay 1050 ms; Datex Oscar Oxy, Datex, Turku, 
Finland) calibrated according to the manufacturer’s 
instructions. 


NITRIC OXIDE DELIVERY SYSTEMS 


Nitric oxide was injected into the inspiratory limb 
always at the same point. In all experiments the tar- 
get nitric oxide concentration (NO,,__.) was 10 ppm. 

The Nodomo (Drager, Liibeck, Germany) was 
linked to an Evital ventilator (Drager, Lübeck, 
Germany) according to the manufacturer’s recom- 
mendations. The Nodomo receives the flow signal 
directly from the ventilator and injects the nitric 
oxide—nitrogen mixture (1000 ppm) in proportion to 
inspiratory flow. 

The Pulmonox-Mini (Messer-Griesheim, Gump- 
oldskirchen, Austria) uses an external flowmeter that 
can be inserted into any respiratory system to mea- 
sure inspiratory flow. This external flowmeter is spec- 
ified for a maximal inspiratory flow of 1 litre s”. The 
Pulmonox-Mini injects the nitric oxide—nitrogen 
mixture (950 ppm) in proportion to measured inspi- 
ratory flow using a mass flow controller. According to 
the manufacturer’s instructions, the nitric oxide- 
nitrogen mixture should be injected near the “Y” 
piece and measured close to this site. To facilitate 
comparison with other systems, in our set-up, the 
nitric oxide—nitrogen mixture was injected 20 cm 
downstream of the ventilator (fig. 1). 

For the CFS, an electronic flowmeter (DelINO 
1000, Sensormedics, Yorba Linda, CA, USA) was 


Spiroson 


(To chemiluminescence analyser: ML8840) 


Figure 1 Diagrammatic representation of the experimental set-up. Nitric oxide in nitrogen (NO/N,) was injected into 
the inspiratory system of a standard disposable respiratory breathing system of corrugated plastic tubing with an internal 
diameter of 22 mm by a continuous flow system (CFS) or by two proportional gas adding systems (PGIS). The Nodomo 
injects NO/N, 1n proportion to the inspiratory flow signal (K sm) provided by the ventilator, and the Pulmonox-Min1 
injects NO/N, in proportion to inspiratory flow (V%__.) measured by an orifice type flowmeter. With CFS, the NO/N, 
mixture flow ıs calculated and set by the operator. The distance between the five sampling sites, A-E, is given in 
centimetres. The length between site A and site E near the “Y” piece was 200 cm. The humidifier had a residual volume 
of 300 ml. Kis inspiratory flow from the ventilator and Yo is NO/N, gas flow (closed arrows). Sampling of inspired gas 
for measurement of nitric oxide concentration is indicated by the open arrows. 
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used to provide a constant nitric oxide—nitrogen 
(1000 ppm) flow (Yo) into the inspiratory system. 
Vig was calculated according to equation (1) given 
by. Young and Dyar,” to yield a mean fractional 
inspired (target) concentration (Fi no) of nitric oxide 
of 10 ppm in the inspired gas. 


Kok (Fi yo! (Fuon Pine) a) 


where V,,=flow of nitric oxide-nitrogen mixture, 
VY, =inspired minute ventilation, F.,.,= fractional 
concentration of nitric oxide in the nitric 
oxide—nitrogen mixture, and fi,,= fractional 
inspired (target) concentration of nitric oxide. 

Thus in our set-up, where the nitric oxide concen- 
tration in the nitric oxide—nitrogen mixture was 1000 
ppm, V was set to 1% K 


NUMERICAL SIMULATION 


We developed a numerical simulation to estimate the 
true maximal and minimal nitric oxide concentra- 
tions. This simulation uses a radial mixing chamber 
model and standard formulae” to describe gas flow 
in the inspiratory system. 


Gas flow model 


The cross-sectional profile of gas flow in a tube is 
dependent on the Reynolds number (Re): 


Re=oxdiv (2) 


where ©=spatial mean velocity, d=diameter and 
v=kinematic viscosity, which is 15.58 10° m’s” at 
25°C for air. When Re >Re» the flow profile changes 
from laminar to turbulent. Re_, in a tube is approxi- 
mately 2320. At the outlet of the ventilator and near 
connectors, turbulent flow may exist even at Re < 
Re „ but flow reverts back to laminar if undisturbed. 

The laminar profile is parabolic. The ratio of the 
velocity v(r) at the radius r to the velocity vmax in the 
centre of a tube with diameter d is: 


VU = UDANA (3) 
and by integration: 
Ong 2Ë (3a) 
The turbulent profile is flatter and described by: 
v(1)/0,4,=((d/2—-1)/(d/2))""=(1-r/(d/2))"_— A) 
and by integration: 

Van“ 5 (nt 1) (2n+1)/2n? (4a) 
where 7 depends on Re and varies between 5.4 and 
6.4 for flows of 0.5~2.0 litre s>. In this simulation, n 
was set to 6. 

The ratio of instantaneous inspiratory flow velocity 
generated by the ventilator (7) and vmax is therefore 
1.26 for turbulent flow and 2.0 for laminar flow. Even 


when flow is turbulent, a peripheral zone of laminar 
flow persists. The thickness of this zone is termed 0,, 


0,=34.2d(0.5 RA” (5)” 


with a parabolic velocity distribution according to 
equation (3). At a flow of 0.57 litre s” when Re=Re_ 
6,=7.1% of the diameter and thus the cross-sectional 
volume of laminar flow is 26.4%. At the maximal 
flow of 2.0 litre s generated by the ventilator, this 
volume decreases to 9.4%. 
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At the border of the turbulent and laminar zone, 
laminar flow velocity and turbulent flow velocity 
were set to be equal. Therefore, equation (3) 
becomes: 


V= (1-4 /(d/2)*) x (1 ,/(d/2))"/(1-8,2(d/2)") x05, 
(6) 


for the laminar zone, with ymax derived from turbu- 
lent flow velocity. 


Determination of local nitric oxide concentrations 

For the numerical simulation, both central turbulent 
and peripheral Jaminar flow profiles were used 
because at inspiratory flows used in clinical practice, 
the relevant Re is close to Re_,. The inside of the tube 
was divided into volume elements. The cross- 
sectional flow profile, as described above, was used 
to determine the axial movement of these volume 
elements. The nitric oxide concentration at the dis- 
tance x, downstream from the site where nitric 
oxide—nitrogen is injected to the inspired gas, was 
obtained by averaging the concentration data of all 
volume elements at x. 

The inspiratory limb was assumed to be a rigid 
annular tube with a constant diameter (d) and length 
(D. The tube was divided into N, elements (index D 
of length Ax=|/N_ and a volume ‘of A V= (d/2)’xnxAx. 
One such cylinder element was subdivided into N, 
concentric tubular elements (index j) with the outer 
radius r, and inner radius r_, The radius of each ele- 
ment was chosen to yield {dentical volumes Ak, for 
each element within one flow zone. 


AV, = (17 — 2 xox Ax (7) 


The total gas volume contained in the inspiratory 
system thus consisted of NN, volume elements. Each 
element moves during the time interval Ar according 
to the axial velocity v,(r,t) given by equations (3) and 
(4) over a distance Ax (r= Cr) xAt. The time inter- 
val Aż was selected in such a way that the central ele- 
ment moves over the length Ax within Az. 

The nitric oxide concentration c (x,r,1) within each 
element was calculated at each step. At each step 
nitric oxide was exchanged between contiguous ele- 
ments. As contiguous elements are aligned only at 
the start of simulation, the exchange of nitric oxide 
was weighted in proportion to the overlapping area of 
contiguous elements. The fraction exchanged was 
determined empirically by fitting fast-response data 
obtained with carbon dioxide as a tracer gas to simu- 
lated data. In all simulations we used a 10% longitu- 
dinal mixing fraction and a 3—12% lateral mixing 
fraction, depending on At. The humidifier was 
assumed to be a similar tube with the maximal mix- 
ing fraction allowed by the model (30% longitudinal, 
25% lateral). The mixing fraction was identical for all 
experimental conditions. Concentrations were aver- 
aged for any distance x from the nitric oxide injection 
site: 


N, 
c (xf) = Da r, DAV /AV (8) 
J" 


These simulated concentrations (NO,,) were 
considered to be an estimate of true nitric oxide 
concentrations (NO, They were calculated with a 
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resolution Ax of 2 cm for any moment within the res- 
piratory cycle. In our experimental set-up, gas for 
sidestream measurement of nitric oxide concentra- 
tion was sampled in the middle of the inspiratory gas 
stream. Thus NO xa should represent the concentra- 
tion of nitric oxide in the major part of a tidal vol- 
ume, but should be slightly more variable than NO,_, 
which is an average over the whole cross-section. We 
did not assess the effect of sampling from different 
points in the cross-section of the tube. 

To be able to compare NO,,, with NO nens low-pass 
filtering of NO,,, was necessary to account for the 
90% response time (t) of 100-3000 ms of the differ- 
ent nitric oxide analysers. Low-pass filtered nitric 
oxide concentration (NO,,,,) was calculated at the 
time point ¢ as: 


NO pero = XN O perag tt -@) XNO ey (9) 


where a=e“” and the time constant t=—1,,/In(0.1). 

‘Two respiratory flow patterns were implemented. 
One pattern corresponded to conventional volume- 
controlled ventilation with a constant inspiratory 
flow and was used to evaluate the CFS. The second 
pattern simulated pressure-controlled ventilation 
with a typical decelerating flow. The deceleration 
profile was set to be linear for two reasons: first for 
simplicity and second because measured inspiratory 
flow from the ventilator did not show an exponential 
fall during pressure-controlled ventilation. In addi- 
tion, the model for decelerating flow allowed the 
introduction of a delay between the beginning of the 
inspiratory flow from the ventilator and the begin- 
ning of injecting nitric oxide-nitrogen by the PGIS. 
If the flow is decelerating, such a delay causes the 
instantaneous K, to be too large for the actual inspi- 
ratory flow, and thus the nitric oxide concentration in 
the inspired gas is above the desired concentration. 

The simulation was developed in Turbo C+ 
(Borland) and executed in a DOS window of MS 
Windows NT 3.51. 


DATA PRESENTATION AND STATISTICAL ANALYSIS 


The maximal (NO); minimal (NO m) and mean 
(NO,,,,) nitric oxide concentrations were determined 
during each of three consecutive respiratory cycles and 
averaged for the three cycles. These average values 
were used for statistical analysis. Data were compared 
using two-way ANOVA with repeated measurements 
to determine differences in NO,» and deviations from 
NO „e between the five sites of measurement within 
each delivery system and between delivery systems. 
The independent variables were the delivery systems 
and tidal volume, and the five sites were the repeated 
measures; all effects were considered to be fixed. To 
assess the combined effect of sampling site, tidal vol- 
ume and ventilatory frequency, multiple regression, 
including interaction between site, tidal volume and 
type of ventilation, was calculated. Post-hoc analysis 
was performed with Tukey’s method for multiple com- 
parisons. All statistical analyses were performed using 
Systat for Windows (version 5.01, 1992, Evanston, IL, 
USA). P<0.05 was considered significant. Data are 
presented as mean (range). sD values were determined 
only to evaluate the overall variability of the differences 
between NO nev and NO po NO,,.,, and NO pms respec- 
tively, for all sampling points at once. 
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Results 


Nitric oxide concentrations, measured (NO) by 
chemiluminescence with a response time of 3 s, var- 
ied between 1 and 23 ppm when NO „y« was 10 ppm 
(fig. 2). NO a depended on the nitric oxide delivery 
system (P<0.0001), site of measurement (P<0.0001) 
and tidal volume (P<0.0001), but was independent 
of ventilatory frequency. 


EFFECT OF THE NITRIC OXIDE DELIVERY SYSTEM 


Deviations from NO, along the inspiratory limb 
were small for the Nodomo with an sp of 1.0 but 
larger for the Pulmonox-Mini (3.6) and CFS (4.2). 
The difference between measured NO,,, and NO m 
at any one site was less (P<0.001) with the Nodomo 
(range 0.2—1.76 ppm) than for both the Pulmonox- 
Mini (0—-7.0 ppm) and CFS (0.2-5.4 ppm). Only 
with the Pulmonox-Mini did the measured differ- 
ence between NO,,, and NOn decrease along the 
inspiratory limb. At site E, nearest to the “Y” piece, 
NO ee Was mean 9.6 (range 8.8-10.6) ppm for the 
Nodomo, 9.3 (6.8-12.6) ppm for the Pulmonox- 
Mini and 11 (5-23) ppm for the CFS. 


EFFECT OF SITE AND TIDAL VOLUME 


With the Pulmonox-Mini and CFS, large peaks and 
troughs in nitric oxide concentrations were found at 
specific sites along the inspiratory limb. At site A, 
near the injection site of nitric oxide into the inspira- 
tory system, NO was always less than NO „yu for 
the CFS, whereas for both the Nodomo and 
Pulmonox-Mini, NO „e was mostly greater than 
NO especially during pressure-controlled ventila- 
tion. At site A, the deviation above NO „e was twice 
as large for the Pulmonox-Mini than for the 
Nodomo. At site E, NO a, was consistently less than 
NOn during pressure-controlled ventilation only 
for the Pulmonox-Mini. 


SIMULATED “TRUE” NITRIC OXIDE CONCENTRATIONS 


NO,» varied considerably near the site where nitric 
oxide was injected into the inspiratory system, and 
much less towards the end of the inspiratory system 
when dilution and mixing had occurred (fig. 3). For 
CFS, a bolus of nitric oxide—nitrogen at high concen- 
tration accumulated near the injection site during 
expiration and this bolus was diluted along the inspi- 
ratory limb (fig. 3). The size of the bolus depends on 
the flow of nitric oxide—nitrogen set on the continu- 
ous flowmeter and length of time where there is no 
inspiratory flow (e.g. inspiratory pause + duration of 
expiration). We calculated the required nitric 
oxide—nitrogen flow according to equation (1); the 
size of the bolus decreased with smaller tidal volumes. 
When smaller tidal volumes were used, the smaller 
bolus size reduced the difference between NO, and 
NO- thus improving mixing along the inspiratory 
limb (fig. 4). For PGIS, we assessed the effect of a 
delay between the beginning of inspiration and the 
beginning of injection of nitric oxide—-nitrogen, in 
addition to the effect of a similar delay between the 
end of inspiration and end of injection of nitric 
oxide—nitrogen. With such a delay, there is no injec- 
tion of nitric oxide—nitrogen during the beginning of 
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Figure 2. Nitric oxide concentration (NOs) measured by chemiluminescence during volume-controlled and pressure- 
controlled ventilation of a test lung. Nitric oxide in nitrogen (NO/N, mixture) was added 20 cm before site A into the 
inspiratory limb of a standard disposable respiratory system via two proportioral gas adding systems (Nodomo and 
Pulmonox-Mini) or via a continuous flow system (CFS). Tidal volume was 300—400 ml (solid lines), 600-700 ml 
(broken lines) and 900-1000 mil (dotted lines); ventilatory frequency was 10, 20 or 30 bpm. The resuluong mammal, 
mmunimal and mean nitric oxide concentrations over a respiratory cycle (and averaged over three cycles) are each 
represented by an individuel line for each ventilatory frequency. H=Humidzfier. 
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Figure 3 Sunulation of “true” nitric oxide concentrations (NO) during transport and dilution of nitric oxide in 
nitrogen (NO/N, mixture) along the inspiratory system. The NO m profile is shown at intervals of 100 ms during two 
consecutive breaths, with a tidal volume of 600 mi for CFS during volume-conrrolled (left) ventilation and for PGIS 
during pressure-controlled ventilation (right) at a ventilatory frequency of 10 bpm. The mayorrty of these curves 
represent the concentration profiles during expiration where inspiratory gas moves only very little, leading to the thick 
curve which peaks at 0 and 200 cm. Maximal and minimal NO is indicated by a broken lune. The PGIS was assumed to 
inject NO/N, with a delay of 100 ms ın relauon to the inspiratory flow from the ventilator. The solid horizontal line 
indicates the target nitric oxide concentration (NOs) of 10 ppm. A-E indicate samphng sites, as used in figures 1 and 2. 


inspiration, and a small bolus of nitric oxide—nitrogen 
accumulates immediately after the end of inspiration. 
We assessed delays of 50, 100 and 150 ms, because 
such delays are characteristic for the opening of a 
valve or starting a mass-flow controller. The effects 


were smaller during volume-controlled ventilation 
(data not shown) than during pressure-controlled 
ventilation (fig. 5). At a delay of 150 ms, the devia- 
tions from NO „y were still as large as +80 and -70% 
after 100 cm of mixing along the inspiratory system. 
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Figure 4 Simulated “true” nitric oxide concentrations (NO m) along the inspiratory system depended on ndal volume 
(VT) for CFS during volume-controlled ventilation or for PGIS during pressure-controlled ventilation. Venulatory 
frequency was set at 10 bpm. The PGIS was assumed to inject nitric oxide ın nitrogen (NO/N, mixture) with a delay of 
100 ms ın relation to inspiratory flow from the venulator. The solid horizontal line indicates NO we and the vertical 


dotted lines the measurement sites A-E. 


Near the “Y” piece, the deviations were approxi- 
mately 50% smaller than those found for CFS. In 
contrast with the CFS, the inhomogeneity with PGIS 
near the site where nitric oxide was injected into the 
inspiratory system was larger at smaller tidal volumes 
(fig. 4). 


EFFECT OF RESPONSE TIME OF THE NITRIC OXIDE 
ANALYSER 


We applied low-pass filtering to NO, to investigate 
to what extent the inhomogeneities generated by the 
nitric oxide delivery systems were traceable. We used 
a response time of 100 ms to compare with the best 
available technology,” a response time of 300 ms to 
compare with measurements performed with carbon 
dioxide instead of nitric oxide, and a response time of 
3000 ms to compare with standard equipment, as 
used recently” and in this study. We did not investi- 
gate the performance of the most widely used electro- 
chemical cells with response times of 5-15 s. 

Our results suggested that precise measurements 
can be obtained with a response time of 100 ms but 
that the peak nitric oxide concentration was underes- 
timated in our test set-up by as much as 100 ppm 
within the first 30-50 cm after injection of nitric 
oxide—nitrogen when CFS were used (fig. 6). With a 
response time of 300 ms, peak concentrations were 
underestimated along the whole length of the respi- 
ratory system and with a response time of 3000 ms, 
NO,,, was measured only at specific sites in the inspi- 
ratory limb. These sites depended on tidal volume. In 
addition, the sites where peak NO,,, was measured 
were distinct from those where trough NO, was 
measured. Thus measurements at a single site 
revealed any value between peak NO,,, and trough 
NO m depending on position and tidal volume. The 
same was true for PGIS. During pressure-controlled 
ventilation and a response time of 3000 ms, NO na 
was always greater than NOs near the site where 
nitric oxide—nitrogen was injected by the PGIS. The 
magnitude of this deviation above NO „e was pro- 
portional to the delay time of the nitric oxide delivery 
device (data not shown). 


Discussion 


We have investigated both time-dependent and spa- 
tial nitric oxide mixing along the inspiratory limb for 
PGIS and CFS, by simultaneous measurements at 
multiple sites and by mathematical simulation of the 
transport and mixing processes. We have shown 
clearly that inhomogeneous mixing of nitric oxide 
with the inspiratory gas is not unique to the most 
widely used CFS° that inject a continuous flow of 
nitric oxide-nitrogen throughout the respiratory 
cycle, but is also, to a lesser extent, typical for some 
PGIS designed to inject nitric oxide—nitrogen in pro- 
portion to inspiratory flow.’ Inhomogeneous mixing 
of nitric oxide always occurs during mechanical ven- 
tilation when nitric oxide-nitrogen is not injected 
simultaneously and in exact proportion to inspira- 
tory flow. 

For CFS, inhomogeneous nitric oxide mixtures are 
unavoidable as nitric oxide-nitrogen at a high con- 
centration (e.g. 300-1000 ppm) accumulates during 
expiration at the injection site, creating a bolus which 
is transported and diluted along the respiratory sys- 
tem during inspiration. Therefore, it is not surprising 
that for CFS, very high peak NO pa, exceeding NO „rye 
by factors of 2.4, 3.0° and 5.0°” have been 
reported. This large variability between observed 
peak NO may be explained by different measure- 
ment technologies, such as fast- vs slow-response 
chemiluminescence™'* or by the use of a tracer gas 
such as nitrogen® or carbon dioxide’”’ (instead of 
nitric oxide) which provide the advantage of rapid 
analysis. The highest peak NO „w exceeded NO „ye: by 
a factor of 12.5 for CFS,” but these investigators 
added 2-4 times more nitric oxide—nitrogen for a 
given minute ventilation than all other investigators 
who used equation (1).'* Thus the very high peak 
NO,,., reported by Imanaka and colleagues was 
caused not only by a fast-response chemilumines- 
cence device but also by a higher dose of nitric oxide. 
In fact, nitric oxide-nitrogen flow was identical, 
regardless of whether nitric oxide—nitrogen was 
injected during inspiration only or throughout the 
respiratory cycle. In addition, the highest peak NO pen 
did not occur near the injection site but 90 cm down- 
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Figure5 Deviations of NO,,, from NO ww m relation to the delay between nitric ode in nitrogen (NO/N, mixture) 
injection and inspiratory flaw from the ventilator in the PGIS The NO, profile is shown at intervals of 100 ms during 
pressure-controlled ventilation with a tidal volume of 600 ml and a ventilatory frequency at 10 bpm. Maximal 
inspiratory flow was set to 2 litre s”. The solid horizontal line indicates NO „w and the vertical dotted lines the 
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Figure 6 Simulated effect of response time of nitric oxide measuring 
equipment on the measured nitric oxide concentrations along the 
inspiratory system. A response time fora 90% step response of 100, 
300 and 3000 ms was simulated by low-pass filtering NO mw of data 
obtained by simulation (see fig. 3) of CFS (left) during volume- 
controlled ventilanon and of PGIS (right) during pressure-controlled 
ventilation wrth a tidal volume of 600 m1 and a ventilatory frequency 
of 10 bpm. The PGIS was assumed to inject nitric oxide in nitrogen 
QNOAN, mixture) with a delay of 100 ms in relation to inspiratory 
flow from the ventilator. The NO wa profile 1s shown at mtervals of 
100 ms by solid lines, maximal and minimal NO,„ by dashed lines, 
target nitric oxide concentration (NO m) by a horizontal solid line 
and the position of the measurement sites A-E by vertical dotted 
lines. The bottom panel shows NO e obtained by chemilumines- 
cence in the test set-up with a response ame of 3000 ms (closed 
circles) for CFS and the Pulmonax-Mini. 


stream. This finding is in agreement with our simula- 
tion, where we demonstrated that within the first 
30—50 cm after the site of injecting nitric oxide—nitro- 
gen, fast-response chemiluminescence may underes- 
timate the true peak concentration by as much as 100 
ppm when NO „s is set to 10 ppm and nitric oxide 
concentration in the nitric oxide—nitrogen mixture is 
1000 ppm. Although the inhomogeneity of the nitric 
oxide mixture for CFS is considerable, especially 
near the injection site, we found that peak NO, 
decreased rapidly along the inspiratory limb (fig. 4) 
and that the inhomogeneity may be reduced further 
by using small tidal volumes (fig.5). Thus nitric 
oxide—nitrogen should be injected near the ventilator 
to allow better mixing along the inspiratory circuit 
and to prevent highly inhomogeneous nitric oxide 
mixtures from entering the lung. What was beyond 
the scope of this investigation was how mixing pro- 
gresses within the airways, but we believe that if nitric 
oxide is not reasonably mixed before entering the 
lung, areas with very different compliance may be 
exposed to different nitric oxide concentrations. Low 
concentrations in the alveoli and high concentrations 
in the airways also appear possible. Further investiga- 
tions that relate clinical effects to the adequacy of 
mixing are necessary. 

CFS are still widely used’ and are provided as 
backup systems for all types of PGIS. Because 
rotameters are independent of power sources, they 
are also used when transporting critically ill hypoxic 
patients. Our simulation demonstrated that NO, 
varies by less than +25% from NO at the “Y” 
piece when sufficient mixing is allowed and small 
tidal volumes are used. 

PGIS are considered to provide an optimal solu- 
tion for administration of nitric oxide.’ The perfor- 
mance of two such delivery systems” has been 
assessed recently in bench tests. In our study, direct 
comparison of two PGIS showed that they differed 
considerably in performance and that they may also 
generate highly: inhomogeneous nitric oxide mix- 
tures. For the Nodomo, where the ventilator provides 
accurate instantaneous inspiratory flow data, the 
overall performance was good, whereas for the 
Pulmonox-Mini, where inspiratory flow was mea- 
sured independently, overall performance was much 
more variable. For the Pulmonox-Mini, we found 
that NO_,, deviated four times more from NO 
than the Nodomo along the inspiratory limb. Ta 
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addition, during volume controlled ventilation, 
NO nea near the “Y” piece at the smaller tidal volumes 
was 20-30% greater than NO, at an inspiratory 
flow of 1 litre s” and decreased by 35% from this 
maximal value when inspiratory flow was doubled. 
Moreover, NO also decreased slightly when inspi- 
ratory flow was halved (data not shown). We believe 
that incorrect dosing of the Pulmonox-Mini is 
caused by an insufficient dynamic response in the 
measurement of inspiratory flow rather than to an 
upper limit in the amount of injected nitric 
oxide—nitrogen, because incorrect dosing was associ- 
ated with a high inspiratory flow but not clearly with 
a large tidal volume. This flow dependence may be 
caused by non-linearity of flow measurement as the 
flow range specified for the Pulmonox-Mini is less 
than 1 litre s`. 

During pressure-controlled ventilation with the 
typical decelerating inspiratory gas flow, both PGIS 
generated a distinct concentration profile along the 
inspiratory system. Nitric oxide concentrations were 
nearly always greater than NO „y at site A, near the 
injection site (fig. 2). At all other sites moderate 
peaks and troughs in nitric oxide concentrations were 
recorded, depending on tidal volume (fig.2) and the 
compliance of the test lung (data not shown). As this 
observation was highly reproducible in PGIS, it may 
be concluded that a systematic phenomenon gener- 
ating inhomogeneous nitric oxide mixtures exists. 

Theoretically, homogeneous nitric oxide mixtures 
should be generated with PGIS not only near the 
injection site but also downstream. We always found 
higher NO, near the injection site. The amount of 
injected nitric oxide—nitrogen is too large if the end of 
the inspiratory flow is not sensed correctly by the 
flowmeter or if nitric oxide—-nitrogen is injected with 
a delay in relation to inspiratory flow. When we used a 
delay of 50-150 ms in our simulation with the mixing 
chamber model, we found a nitric oxide concentra- 
tion profile along the inspiratory limb that matched 
the measured profile for both PGIS. A delivery delay 
of approximately 100 ms is plausible based on the 
time required to control the nitric oxide—nitrogen 
delivery system which uses a valve assembly. If such a 
delay exists, it results in overdosing at the end of 
inspiration and underdosing during the first 100 ms 
of inspiration because: no nitric oxide—nitrogen is 
injected at this time. With pressure-controlled venti- 
lation, inspiratory flow increases up to 2 litre s’ in 
less than 100 ms; during this time an inspiratory vol- 
ume of 130 ml is provided. Thus, up to one-third ofa 
small tidal volume may not contain any nitric oxide. 
In fact, NOn was as low as 2.8 ppm for the 
Pulmonox-Mini and 7.5 ppm for the Nodomo. We 
estimated NO, to be as low as 0.2 ppm at a delivery 
delay of 100 ms by simulation. Thus during pressure- 
controlled ventilation, PGIS generate inhomoge- 
neous nitric oxide mixtures with peak concentrations 
that are much lower than those in CFS, but troughs 
that are more profound than those generated by 
CFS. In the Pulmonox-Mini, which works with all 
types of ventilators because inspiratory flow is mea- 
sured independently, we found larger inhomo- 
geneities than in the Nodomo where the linked 
ventilator provides a flow signal simultaneously with 
inspiration. We suggest that to improve mixing in 
PGIS, nitric oxide-nitrogen should be injected near 
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the ventilator to allow mixing in the inspiratory limb, 
especially for the Pulmonox-Mini. 

Monitoring of nitric oxide concentrations, to ensure 
correct dosage, is only relhable when homogeneous 
mixing is ensured at the site of measurement. We 
found NO, to be greater or less than NO „s along 
the inspiratory system (fig. 2). When a large tidal vol- 
ume was used in the CFS, NO me, increased progres- 
sively from the injection site towards the “Y” piece. 
Apparently, similar findings by other authors created 
the impression that nitric oxide concentrations gener- 
ated by such systems are unpredictable.” “ ~ 
However, in this context the effect of slow-response 
nitric oxide analysers, which are used mainly in the 
clinical settng, should be outlined. In fact, slow- 
response nitric oxide analysers measure mainly a time- 
averaged concentration, whereas a volume-averaged 
concentration would be of greater interest clinically. 

To assess the effect of a slow-response nitric oxide 
analyser, we subjected NO,, to first-order low-pass 
filtering. When NO,,, was filtered with a response 
time of 3 s, which is similar to our chemilumines- 
cence analyser, the pattern of NO pe along the inspi- 
ratory system was well traced for CFS and PGIS 
(fig. 6). We conclude that since nitric oxide concen- 
trations are usually measured with slow-response 
analysers with a response time of 3-15s (e.g. 
chemiluminescence or electrochemical cell), depend- 
ing on the site and tidal volume, NO, „a could repre- 
sent any concentration between the true maximum 
or minimum of the nitric oxide dilution curve along 
the inspiratory system. Our simulation showed that 
near the “Y” piece, NO „. may be twice as high as 
NO eu despite mixing along the inspiratory system. 

The simulation model we used has certain limita- 
tions. We used a mixing chamber model to generate 
precise information concerning the size and position 
of peaks and troughs of nitric oxide concentration 
along the inspiratory system. Mixing chamber mod- 
els assume instantaneous mixing between two con- 
tiguous volume elements and thus ignore the 
time-dependent aspect of mixing. Other models,” 
such as diffusion with drift or local density random 
walk could have been used. Validation of simulated 
models is a general problem because no precise mea- 
surement of nitric oxide concentration with an ade- 
quate time resolution is possible. Thus we chose to 
validate our model after low-pass filtering of NO,» in 
order to take account of the effect of the response 
time of the measurement device. As the NO pe pro- 
file along the inspiratory system was well traced (fig. 
6), our mixing chamber model was useful to obtain 
additional information on mixing of nitric 
oxide—nitrogen with inspired gas in patients undergo- 
ing ventilation. In addition, we analysed the effect of 
a delay in the delivery of nitric oxide—nitrogen for 
PGIS. At present, the simulation does not include 
features to simulate a non-linear behaviour of the 
nitric oxide delivery device. We have found non-lin- 
earity for the Pulmonox-Mini and this is probably 
the reason why NOs was less than NO pme for PGIS 
(fig. 6, right lower panel). 

Although nitric oxide is still an experimental drug, 
nitric oxide inhalation therapy is already used widely 
for ARDS, pulmonary hypertension and right ventric- 
ular failure. Cautious recommendations for its use 
have been published.’ "7 7% We found that during 
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controlled ventilation, only the Nodomo generated 
homogeneous nitric oxide mixtures. CFS generated 
more inhomogeneous nitric oxide mixtures, especially 
at high tidal volumes, but offered two major advan- 
tages: it was simple to use and independent of power 
sources. PGIS generated more homogeneous nitric 
oxide mixtures, but their performances were affected 
by factors such as dynamic flow measurement and a 
technically inherent delay between flow measurement 
and addition of nitric oxide-nitrogen. Because PGIS 
and CFS may generate inhomogeneous nitric oxide 
mixtures, it is advisable to inject nitric oxide—nitrogen 
near the ventilator and to use the inspiratory system 
to improve mixing. 
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Effects of dantrolene on the diaphragm muscle of the normal and 


myopathic hamster 


O. LANGERON, C. COIRAULT, S. FRATEA, G. ORLIAGUET; P. CorIAT AND B. Riou 


Summary 


Dantrolene is the only known effective treatment 
for malignant hyperthermia. However, its effects 
on the myopathic diaphragm remain unknown. 
The effects of dantrolene 10° to 10* mol litre” on 
diaphragm muscle strips in normal (n=12) and 
myopathic hamsters (n=13) were investigated in 
vitro in response to tetanic stimulation. We stud- 
ied contraction under isotonic and isometric 
conditions. Data are presented as mean (sp) per- 
cent of baseline. Dantrolene induced a negative 
inotropic effect in normal and myopathic ham- 
sters but no significant difference was observed 
between groups (active force at 10* mol litre”: 
34 (7) vs 32 (11) %; ns). We conclude that dantro- 
lene induced a comparable negative inotropic 
effect on diaphragm muscle in normal and myo- 
pathic hamsters. (Br J. Anaesth. 1998; 81: 
553-555). 


Keywords: pharmacology, dantrolene; malignant hyperther- 
mia; muscle, diaphragm; hamster 


Dantrolene is a postsynaptic skeletal muscle relaxant 
that inhibits calcium release from the sarcoplasmic 
reticulum (SR), by either direct or indirect interaction 
with skeletal muscle Ca™ release channel of the SR 
(i.e. ryanodine receptor).’ Thus dantrolene is the only 
known effective treatment for malignant hyperther- 
mia (MH).’ However, dantrolene induces a negative 
inotropic effect on normal skeletal and diaphragm 
muscles, but the effects of dantrolene on myopathic 
muscles remain unknown. Genetically induced 
myopathy in the Syrian hamster offers a unique 
opportunity to compare the pharmacological effects 
of drugs in normal and myopathic muscles. Indeed, 
the myopathic Syrian hamster is used widely as an 
animal model as it develops both autosomal recessive 
cardiomyopathy and polymyopathy that have been 
well characterized.’ * Therefore, we conducted an in 
vitro study on the effects of dantrolene on diaphragm 
muscle in normal and myopathic hamsters. 


Materials and methods 


Care of the animals conformed to the recommenda- 
tions of the Helsinski Declaration, and the study was 
performed in accordance with the regulations of the 
official edict of the French Ministry of Agriculture. 
Experiments were conducted using 13, 6-month-old 
myopathic Syrian hamsters (Strain Bio 14.6, Bio 
Breeders Inc., Fitchburg, MA, USA) and 12 normal 
Syrian hamsters (Strain F1B, Bio Breeders Inc.). 


Myopathic hamsters of both sexes develop general- 
ized myopathy from the age of 6 weeks. ** 

After brief anaesthesia with ether, a muscle strip 
from the ventral costal diaphragm was dissected 
carefully from the muscle im s#u.* This diaphragm 
strip was immediately suspended vertically in a 200- 
mil jacketed reservoir, maintained at 29°C with a 
thermostatic water circulator, with Krebs—Henseleit 
bicarbonate buffer solution (CaC1, 2.5 m mol litre”, 
pH 7.40). The bathing solution was bubbled with 
95% oxygen—5% carbon dioxide. Preparations were 
field-stimulated by means of two platinum elec- 
trodes. Experiments were conducted after a 30-min 
stabilization period, at the initial muscle length at the 
apex of the length-active isometric tension curve 
(Imax), in tetanus mode at 50 Hz (10 trains min` of 
300 ms duration, 1 ms rectangular pulses). Cross- 
sectional area was calculated from the ratio of muscle 
weight to muscle length, assuming a muscle density 
of 1. 

Because dantrolene is poorly soluble in aqueous 
media, we used dimethylsulphoxide (DMSO) as a 
solvent. Therapeutic concentrations of dantrolene 
range from 0.3 to 10 mg ml” (1-30x10° mol litre”).” 
Therefore, five concentrations of dantrolene were 
tested in a cumulative manner: 10%, 107, 10°, 10° 
and 10“ mol litre’, with a 15-min period between 
each concentration. In a preliminary study, we 
observed that the effects of the highest concentration 
of dantrolene remained stable between 15 and 60 
min, and that DMSO alone had no significant effect. 
All drugs were purchased from Sigma-Aldrich 
Chimie (L’'Isle d’Abeau Chesnes, France). 


MECHANICAL PARAMETERS 


The electromagnetic lever system has been described 
previously.’ Briefly, the load applied to the muscle 
was determined using a Servo mechanism-controlled 
current through the coil of an electromagnet. 
Muscular shortening induced displacement of the 
lever, which modulated the light intensity of a photo- 
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electric transducer. The initial preload which deter- 
mined Amax, was automatically maintained constant 
throughout the experiment. All analyses were made 
from digital records of force and length obtained 
with a computer.’ 

Parameters characterizing contraction were short- 
ening velocity (wc), extent of shortening (AJ, peak of 
the positive force derivative normalized per cross- 
sectional area (+dFdr’) and active force normalized 
per cross-sectional area (AF). Mechanical variables 
were calculated from three consecutive tetanic con- 
tractions preloaded at Amax with increasing afterload 
from zero load to fully isometric contraction. The 
first contraction was clamped abruptly to zero load 
just after the electrical stimulus, enabling determina- 
tion of the maximum unloaded shortening velocity 
(vcmax). The second contraction was isotonic and 
loaded with preload only. The maximum extent of 
shortening (AAmax) was determined from this con- 
traction. The last contraction was fully isometric at 
imax. The maximum active force (AFmax) and the 
peak, of the positive (+dFd¢'max) force derivative 
were determined from this fully isometric contrac- 
tion. 


STATISTICAL ANALYSIS 


Data are expressed as mean (sD). Comparisons of 
control values between groups were performed using 
the Student’s ż test. Comparison of several means 
were performed using repeated-measure analysis of 
variance and Newman—Keuls test. All P values were 
two-tailed, and P<0.05 was considered significant. 
Statistical analysis was performed using NCSS 6.0 
software (Statistical Solutions Ltd, Cork, Ireland). 


Results 


Body weight was lower in mycpathic hamsters than in 
controls (100 (4) us 144 (5) g. P<0.05). There was no 
significant difference in Amax between groups (9.6 
(1.7) vs 9.6 (2.1) mm; ns). Under control conditions, 
mechanical variables testing inotropy were signifi- 
cantly impaired in myopathic hamsters compared with 
normal hamsters: Aimax: 20 (5) vs 34 (7) “%lmax 
(P<0.05); vomax: 1.4 (0.5) vs 4.5 (0.5) Imax s` 
(P<0.05); AFmax: 66 (27) vs 101 (37) mN mm” 
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(P<0.05); +dFdimax: 745 (350) vs 1314 (525) 
mN mm” s” (P<0.05). 

In normal and myopathic hamsters, dantrolene 
induced a signiñcant and concentration-dependent 
negative inotropic effect in diaphragmatic muscle 
under low -(vcmax) and high (AFmax) loads. At a 
concentration of 10* mol litre’, dantrolene induced a 
maximum decrease in AFmax and vcmax in normal 
hamsters (34 (7) % of baseline (P<0.01) and 47 (7) 
% of baseline (P<0.05)) and in myopathic hamsters 
(32 (11) % of baseline (P<0.01) and 46 (10) % of 
baseline (P<0.05)). There were no significant differ- 
ences in the inotropic effects of dantrolene between 
normal and myopathic hamsters (fig. 1). As baseline 
values of AF were markedly reduced in myopathic 
compared with normal hamsters, the absolute values 
of AF after dantrolene administration in myopathic 
hamsters were very low (fig. 1). 


Discussion 


We have studied the effects of dantrolene on the 
intrinsic contractility of isolated diaphragm muscle 
in normal and myopathic hamsters. The negative 
inotropic effect of dantrolene was comparable in nor- 
mal and myopathic hamsters. 

Dantrolene induced a significant and concentration- 
dependent negative inotropic effect in the normal 
hamster with a plateau between 10” and 10% mol litre” 
(fig. 1). Moreover, the maximum decrease in AFmax 
was similar to the maximum decrease in adductor 
pollicis muscle force after administration of dantrolene 
in humans.’ These results suggest that our experimen- 
tal model was clinically relevant. There were no signifi- 
cant differences in the negative inotropic effects of 
dantrolene between normal and myopathic hamsters 
(fig. 1). The negative inotropic effect of dantrolene on 
skeletal muscle is thought to be related to its effect on 
calcium release from the SR. Our results suggest that 
the effects of dantrolene on the ryanodine receptor 
complex are similar in normal and myopathic ham- 
sters. Nevertheless, as contraction was markedly 
impaired in mycopathic hamsters, it should be noted 
that the absolute values of AFmax after dantrolene in 
myopathic hamsters were very low. Therefore, whereas 
the pharmacological effects of dantrolene are not 
modified in myopathic muscle, its consequences on an 
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Figure 1 Effects of dantro‘ene on active isometric force (AFmax) of diaphragmatic muscles from normal and 
myopathic hamsters muscles. a: Data are absolute values (sp) (P<0.05 berweer. groups). 8: Data are mean (sD) 
percentage of baseline (no significant differences between groups). *P<0. 05 vs control (C). 
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already impaired ventilatory function may be greater 
(fig. 1). Dantrolene may also affect breathing pattern in 
decreasing tidal volume while minute ventilation is 
maintained by increasing ventilatory frequency.‘ 

The following points must be considered in the 
assessment of the clinical relevance of our results. 
First, this study was conducted at 29°C. However, it 
should be pointed out that the inotropic effect of 
dantrolene observed in our study was comparable 
with that observed in vivo in humans at 37°C.” 
Second, the cardiomyopathic Syrian hamster 
provides a useful and reproducible model of muscle 
disease, with early development of focal myolytic 
and necrosis lesions in skeletal and diaphragmatic 
muscles, that mimic those observed in human 
muscle dystrophies.’ Thus this animal model seems 
to be relevant for the assessment of the effects of 
dantrolene on myopathic diaphragm function. 

In summary, in this study conducted on isolated 
diaphragm muscle in response to tetanic stimulation, 
dantrolene induced a comparable negative inotropic 


effect in normal and myopathic muscles and may be 
responsible for a diaphragmatic dysfunction. 
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Critical haemoglobin concentration in anaesthetized dogs: comparison 


of two plasma substitutes 


P. VAN DER LINDEN, D. SCHMARTZ, F. DE GROOTE, N. MATHIEU, P. WILLAERT, I. RAUSIN 


AND J.-L. VINCENT 


Summary 

We have explored systemic and regional toler- 
ance to haemodilution during anaesthesia with 
two different synthetic colloids. Eighteen dogs 
undergoing mechanical ventilation during 
anaesthesia with ketamine were submitted to 
progressive normovolaemic haemodilution with 
either gelatin (GEL; n=9) or hydroxyethylstarch 
(HES; n=9) administered on a 1:1 ratio. Systemic 
oxygen delivery was calculated from measure- 
ment of thermodilution cardiac output and arter- 
ial oxygen content, while systemic oxygen 
consumption was determined from expired gas 
analysis. Mesenteric oxygen delivery and con- 
sumption were determined using ultrasonic flow 
measurements, and arterial and mesenteric 
venous oxygen contents. The critical haemoglo- 
bin concentration (i.e. the haemoglobin value 
below which oxygen consumption becomes 
oxygen delivery dependent) was mean 3.6 
(sp 0.8) g dI” in the GEL and 3.5 (1.5) g di” in the 
HES group. The mesentaric critical oxygen 
extraction ratio (O,ER) (GEL 50.1 (12.1) %; HES 
48.5 (13.4) %) was significantly lower than the 
systemic critical O ER (GEL 66.1 (8.4) %; HES 67.7 
(7.1) %). There were no significant differences 
between the GEL and HES groups for any of 
these variables, or in the amount of colloid 
administered. During the study, oxygen delivery 
decreased almost linearly with reduction in 
haemoglobin, indicating a lack of cardiac output 
response to anaemia during ketamine anaesthe- 
sia. (Br. J. Anaesth. 1998; 81: 556-562) 


Keywords: anaesthetics i.v., ketamine; blood, haemodilution; 
blood, haemoglobin; oxygen, transport; blood, replacement; 
dog 


Increased awareness of the risks associated with allo- 
genic blood has stimulated re-examination of the 
benefit—risk relationship for transfusion therapy. A 
better knowledge of the physiology and effect of 
anaemia during and after surgery has allowed a 
re-evaluation of the “magic” value of 30%’? during 
these periods. 

However, several important questions remain 
regarding patient tolerance ta acute normovolaemic 
anaemia. First, the critical concentration of haemo- 
globin (i.e. the haemoglobin value below which oxy- 
gen delivery becomes insufficient to meet tissue 


oxygen demand in the anaesthetized individual) has 
not been well defined. Two major mechanisms allow 
maintenance of adequate oxygen transport to the tis- 
sues: an increase in cardiac output and an increase in 
tissue oxygen extraction. The increase in cardiac out- 
put during haemodilution has been well documented 
in awake and lightly anaesthetized individuals.*” 
During mild haemodilution, the increase in cardiac 
output may overcompensate for the decrease in arte- 
rial content, so that oxygen transport may increase.” 
However, the ability of the organism to increase 
oxygen extraction under these conditions has been 
less well defined. Determination of the critical 
haemoglobin concentration during normovolaemic 
haemodilution allows participation of both mecha- 
nisms in the maintenance of adequate tissue oxy- 
genation to be explored.” Second, redistribution of 
blood flow during normovolaemic haemodilution 
from the splanchnic area to the heart and brain has 
been well described,“ but the ability of the 
splanchnic rea to extract oxygen during haemodilu- 
tion has not been well defined. Third, the physico- 
chemical properties of synthetic colloids used to 
maintain stable volume expansion during acute 
anaemia may influence the critical haemoglobin con- 
centration in these conditions. 

Among the different available synthetic colloids, 
gelatin (GEL) and hydroxyethylstarch (HES) solu- 
tions are the most commonly used. Gelatins, 
obtained from degradation of collagen, have a limited 
volume expansion effect and a short intravascular 
half-life.” * They have the advantages of excellent 
tolerance and low cost, but are associated with a rela- 
tively high incidence of anaphylactoid reactions, 
especially with urea-linked gelatins.’® HES solutions 
are modified natural polysaccharides, which have a 
better volume expansion effect than gelatins.” ” Low 
molecular weight HES solutions are characterized by 
a shorter intravascular half-life and a smaller inci- 
dence of side effects than high molecular weight HES 
solutions. 

In this study, we have explored systemic and 
regional tolerance to progressive normovolaemic 
haemodilution in anaesthetized dogs using either a 
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modified fluid gelatin or low molecular weight HES. 
Ketamine anaesthesia was chosen as this agent has 
well known cardiostimulant properties,” and has the 
least deleterious effects on tissue oxygen extraction 
capabilities.” 


Materials and methods 


All experimental procedures were performed accord- 
ing to the NIH guidelines and were approved by our 
Animal Ethics Care Committee. We studied 18 mon- 
grel dogs (weight 21.9+4.5 kg). After administration 
of thiopental 20 mg kg” i.v., tracheal intubation was 
performed and mechanical ventilation started on 
control mode (Elema 900 B, Siemens, Solna, 
Sweden) with air (Fi,,=0.21). Ventilatory frequency 
was set at 12 bpm and tidal volume was adapted to 
obtain Paco, at 4.6-5.3 kPa. Respiratory conditions 
remained unchanged until the end of the study. 
Anaesthesia was maintained with an i.v. bolus dose of 
ketamine 10 mg kg”, followed by continuous infu- 
sion of 0.4 mg kg’ min”. Neuromuscular block was 
achieved with pancuronium at an initial dose of 
0.1 mg kg’, followed by hourly boluses of 1-2 mg. 

Electrodes were attached to the four limbs for 
monitoring heart rate. Two catheters (16G, Becton 
Dickinson and CO, Rutherford, NJ) were inserted, 
one into a peripheral vein for fluid and drug infu- 
sions, and one into the distal aorta via a femoral 
artery for monitoring arterial pressure and sampling 
arterial blood. A pulmonary artery catheter 
(Swan-—Ganz catheter model 93A-131-7F, Baxter 
Healthcare, Irvine, CA, USA) was inserted via a 
jugular vein into the pulmonary artery. A gas analyser 
(Capnomac AGM-103, Datex, Helsinki, Finland) 
was inserted in the respiratory breathing system for 
monitoring end-expired carbon dioxide concentra- 
tion (PEco ). Exhaled gases were directed through a 
mixing chamber for sampling. The expired oxygen 
fraction (Fe...) was measured continuously by a 
semi-rapid gas analyser (model 500D PK, Morgan 
Co, Chatham, UR). 

A splenectomy was performed via a midline 
laparotomy to prevent blood autotranfusion. During 
laparotomy, ultrasonic flow probes (Transonic 
Systems Inc., Ithaca, NY, USA) were inserted, one 
around the mesenteric artery and one around the left 
renal artery. A third probe was inserted around the 
remaining femoral artery, through a small cutaneous 
incision. Mesenteric, renal and femoral blood flows 
were measured with a flowmeter (model T208, 
Transonic Systems Inc., Ithaca, NY, USA; calibra- 
tion performed by the manufacturer). In seven dogs 
in each group, an 18-gauge catheter (Becton 
Dickinson and CO, Rutherford, NJ) was inserted in 
the mesenteric vein via a peripheral branch. To com- 
pensate for insensible losses, the dogs received i.v. 
infusion of 0.9% NaCl at a rate of 10 ml kg” during 
splenectomy and 1 ml kg” h`” thereafter, until the 
end of the experiment. 

Heart rate, arterial pressure and pulmonary artery 
pressure were monitored continuously (Sirecust, 
Siemens AG, Erlangen, Germany) and recorded 
together with Peco, and FE, (model 8000S, Gould 
Electronique, Ballainvilliers, France); zero pressure 
was set at the mid-chest level of the animal. Body 
temperature was maintained at 36—-38°C throughout 
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the study, using warming blankets and humidified 
heated gases. 

Heart rate (HR) and intravascular pressures, 
including mean arterial pressure (MAP), mean pul- 
monary artery pressure (MPAP), right atrial pressure 
(RAP) and pulmonary artery occlusion pressure 
(PAOP) were measured at end-expiration from the 
paper trace. PEco, and FEco, were measured from the 
paper trace over 1 min. Expired volume was mea- 
sured with a spirometer (model Magtrak II, London, 
UK) over the same period. After measurement of 
mesenteric, renal and femoral blood flows, cardiac 
output (CO) was measured by the thermodilution 
technique (module E 2261/A, Siemens AG, 
Erlangen, Germany) by repeated injections of 10 ml 
of cold (<5°C) 5% glucose in water. Each injection 
was started at the end of inspiration. Three to five 
measurements, with a variability of less than 10%, 
were averaged for each measurement of CO. 
Immediately thereafter, arterial, mixed venous and 
mesenteric blood samples were withdrawn for 
measurement of blood-gas tensions (ABL 2, 
Radiometer, Copenhagen, Denmark). Haemoglobin 
concentration and saturation were measured using a 
co-oximeter (OSM3, Radiometer, Copenhagen, 
Denmark). Each sample was analysed twice and the 
two consecutive values averaged. Blood lactate con- 
centration was measured enzymatically using an 
automated analyser (Kontron, Basel, Switzerland). 

Cardiac index (CI), stroke index (SI), systemic 
and pulmonary vascular resistance (SVR, PVR), left 
and right ventricular stroke work index (LVSWI, 
RVSWD and oxygen delivery (Do,) were calculated 
using the following formulae: 


CI (ml min” kg )=CO/weight 
SI (ml kg")=CI/HR 
SVR (dyn s cm”)=79.9x(MAP-RAP)/CO 
PVR (dyn s cm *)=79.9x(MPAP-PAOP)/CO 
LVSWI (g m kg )=0.0136x(MAP-PAOP)xSI 
RVSWI (g m kg’)=0.0136x(MPAP-RAP)xSI 
Do, (ml min“ kg ')=CIxCa, x 10 

where Ca, =oxygen content of arterial blood. 


Oxygen consumption Vo, (ml min™ kg”) was cal- 
culated from measured Fe, and minute ventilation, 
using the appropriate mass balance equation indexed 
for weight.’ Oxygen extraction ratio (O,ER) was 
obtained by dividing Vo, by Do,. 

Mesenteric oxygen delivery (Do,m) was deter- 
mined from the product of mesenteric blood flow 
and arterial oxygen content, while mesenteric oxygen 
consumption (Vo,m) was obtained by the product of 
mesenteric blood flow and the difference between 
arterial and venous mesenteric oxygen contents. 
Mesenteric oxygen extraction (O,ERm) was calcu- 
lated as: 


(Ca, —Cmo)/Cag, 
where Cm, =oxygen content of mesenteric venous 
blood. 


Thirty minutes after completion of the surgical 
procedure, the dogs were allocated randomly to one 
of two groups of nine dogs each, according to the 
plasma substitute used in the subsequent haemodilu- 
tion procedure. After baseline measurements, each 
animal was slowly haemodiluted by repeated with- 
drawals of 5-ml kg” aliquots of arterial blood simul- 
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taneously replaced by the same volume of either 3% 
modified fluid gelatin (Geloplasma, Propharm, 
France) (GEL group; n=9) or 6% hydroxyethyl- 
starch 200/0.5 (Haes-Stéril 6%, Fresenius AG, Bad 
Homburg, Germany) (HES group; n=9). After each 
exchange procedure, a 15-min period was allowed to 
reach a new steady state defined by stable mean arte- 
rial pressure, heart rate, Pezo, and FE... Then a 
new set of measurements was performed. In an attempt 
to maintain normovolaemia during the progressive 
haemodilution, PAOP was measured after each 
exchange procedure and maintained at least at the 
baseline level by additional infusion (1-2 ml kg”) of 
the allocated colloid. 

The exchange procedure was continued until the 
animal could no longer maintain a stable arterial 
pressure. Death followed shortly thereafter, with the 
animal still anaesthetized. 


STATISTICAL ANALYSIS 


In each animal, critical Do, (Do,crit) was determined 
from a plot of Vo, vs Do, using the dual lines regres- 
sion method.” Do,crit was defined as the point of 
intersection of the two best-fit regression lines as 
determined by a least sum of squares technique. 
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Critical O,ER (O,ERcrit) was calculated as the ratio 
of Vo,/Do, at Do,crit. Do,crit was also determined in 
each animal using the same dual regression lines 
analysis from a plot of blood lactate vs Do,. This 
value was called Do,crit(Lac). The critical value of 
haemoglobin (Hbcrit), defined as the value of 
haemoglobin below which Vo, began to decrease, was 
determined using the same mathematical analysis, 
from a plot of haemoglobin vs Vo,. 

In the seven animals in each group where a mesen- 
teric venous catheter was inserted, the mesenteric 
Do,/Vo, relationship was analysed similarly, from a 
plot of Vom vs Do,m. In each animal, the systemic 
haemoglobin/Do, relationship was also analysed, by 
determining the polynomial that best fitted the data. 
From these polynomials, Do, values corresponding 
to standardized haemoglobin values were obtained 
and compared between the two groups. 

In both groups, haemodynamic and respiratory 
variables, including regional blood flow, obtained at 
baseline and at the experimental point closest to crit- 
ical Do, were compared using two-way analysis of 
variance (time and group), followed by a Tukey test 
for pairwise comparisons when statistically signifi- 
cant. Critical values of Do, and haemoglobin, volume 
of blood withdrawn and volume of colloid adminis- 


Table 1 Haemodynamic and oxygen derived data obtained at baseline and near the critical point m the 
gelanne haemodilu-ed dogs (group GEL, 7=9) and in the hydroxyethylstarch haemodi:luted dogs (group 
HES, n=9) (see text for details). *P<0.05, **P<0.01 vs baseline; }P<0.05 HES vs GEL 








Group 
‘Temperature (°C) GEL 
HES 
HR (beat min”) GEL 
HES 
MAP (mm Hg) GEL 
HES 
PAPm (mm Hg) GEL 
HES 
PAOP (mm Hg) GEL 
HES 
RAP (mm Hg) GEL 
HES 
CI (ml min" kg) GEL 
HES 
SI (ml kg") GEL 
HES 
SVR (dyn s cm”) GEL 
HES 
PVR (dyn 8 cm”) GEL 
HES 
LVSWI (g m kg’) GEL 
HES 
RVSWI (g m kg”) GEL 
HES 
Hb (g dr’) GEL 
HES 
Sa, (%) GEL 
a HES 
Svo, (%) GEL 
HES 
Do, (ml min™ kg’) GEL 
HES 
Vo, (ml min™ kg’) GEL 
HES 
O,ER (%) GEL 
HES 
Lactate (mmol litre”) GEL 
HES 
eo, (mm Heg) GEL 
oe HES 








Baseline Near critical point 
37.5 (1.2) 36.5 (1.7) 
37.8 (1.0) 36.6 (1.8) 
158 (19) 120 (28) ** 
164 (35) 134 (31) * 
105 (16) 52 (18) ** 
113 G1) 71 (16) ** 
12.7 (3.8) 10.7 (3.3) 
13.9 (2.3) 12.9 (2.8) 
3.2 (1.8) 3.9 (2.0) 

3.4 (1.3) 4.1 (1.4) 

2.1 (1.6) 2.9 (2.0) 

1.7 (0.6) 2.6 (1.8) 

111 (26) 111 (27) 

134 (29) 129 (29) 

0.71 (0.14) 0.84 (0.35) 
0.85 (0.24) 1 00 (0 30) 
3498 (1155) 1579 (411) ** 
3342 (955) 2215 (805) ** 
411 (131) 340 (91) 

421 (85) 413 (129) 

0 98 (0.24) 0.61 (0.20) ** 
1.21 (0.35) 0.93 (0.40) 
0.10 (0.0€) 0.10 (0.04) 
0.14 (0.03) 0.14 (0.04) 
14 5 (2.6) 4.0 (0.7) ** 
14.7 (3.7) 3.8 (1.8) ** 
94.4 (2.6) 92.1 (6.7) 
94.4 (1.5) 95.7 (1.6) 
72.8 (6.1) 35.6 (7.4) ** 
76.1 (4.1) 38.5 (7.2) ** 
21.2 (5.6) 5.9 (1.0) ** 
25.7 (7.2) 6.5 (1 8) ** 
4.5 (0.5) 3.7 (0.8) * 
5.0 (1.1) 4.2 (1.2) 

22.3 (5.5) 63.8 (10 2) ** 
20.1 (3.2) 65.4 (12.0) ** 
2.4 (0.9) 5.1 (2.5) ** 
2.2 (0.9) 2.1 (1.0)t 
26.6 (4.4) 25.6 (7.7) 
26.9 (3.5) 24.0 (5.3) 
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tered to reach the critical point were compared 
between groups using the Mann-Whitney U test. 
Data obtained from the mesenteric Do,/Vo, relation- 
ship were also compared between groups using the 
Mann-Whitney U test. In both groups, O,ERcrit and 
O,ERm were compared using the Wilcoxon rank test. 

The systemic haemoglobin/Do, relationship was 
analysed using two-way analysis of variance for 
repeated measurements. In each group the Do, value 
for a haemoglobin concentration below baseline was 
compared with the Do, value obtained for baseline 
haemoglobin (i.e. 13.0 g dI’) by a method of con- 
trasts. 

All values are expressed as mean (sp). P<0.05 was 
considered significant. 


Results 


HAEMODYNAMIC AND RESPIRATORY EFFECTS OF 
HAEMODILUTION (TABLE 1) 


In both groups, progressive haemodilution was asso- 
ciated with a slight decrease in blood temperature 
(ns). HR and MAP decreased significantly. PAOP 
and RAP tended to increase (ns). CI did not change 
while SI tended to increase. SVR decreased, as did 
LVSWI. The decrease in arterial oxygen content 
resulted in a significant decrease in oxygen delivery. 
As CO did not increase during haemodilution, 
systemic oxygen delivery decreased in parallel to the 
decrease in haemoglobin (fig. 1). Despite a marked 
increase in oxygen extraction ratio, oxygen consump- 
tion also decreased, although this was significant only 
in the GEL group. The effects of haemodilution were 
similar in both groups, except for blood lactate, 
which increased significantly only in the GEL group. 
There was no group—time interaction for all investi- 
gated variables. 


EFFECTS OF HAEMODILUTION ON CRITICAL DO, AND 
CRITICAL HAEMOGLOBIN CONCENTRATION (TABLE 2) 


Figure 2 shows the Do,/Vo, and haemoglobin/Vo, 
relationships in one representative dog from each group. 
There was no significant difference in Do,crit, Vo,crit 
or O,Ercrit between the two groups. Do,crit obtained 
from blood lactate measurements was also similar in 
both groups, although blood lactate at the critical point 
was significantly higher in the GEL group than in the 


40 
a5 ™ GEL (n= 9) 
ES + HES (n=9) 
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Figure 1 Haemoglobin (Hb)/Do, relationship in the GEL and 
HES groups. *Significantly different from baseline Do, (Do, for a 
haemoglobin concentration of 15.0 g dl kg”). 
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Table 2 Dam at the critical point in the GEL and HES groups 





GEL group HES group 

(n=9) (n=9) 
Do,crit (ml min” kg") 6.0 (1.2) 4.0 (0 9) 
W, crit (ml min” kg”) 6.3 (1.4) 4.3 (1.1) 
O,ERcrit (ml min” kg") 66.1 (8.4) 7.6 (1.3) 
Do,crit (Lac) (ml min“ kg”) 67.7 (7.1) 3.6 (0.8) 
Hberit (g d1’) 6 6 (1.7) 3.5 (1.5) 


HES group. There was no significant difference in the 
critical haemoglobin concentration (table 2). 

There was no significant difference between the 
two groups in amount of blood withdrawn (GEL 
60.7 (19.5) ml kg’; HES 74.6 (27.5) ml kg") or in 
the amount of colloid administered (GEL 68.3 
(19.5) ml kg’; HES 77.4 (29.4) ml kg”) to reach the 
critical point. 


REGIONAL EFFECTS OF HAEMODILUTION (TABLE 3) 


Progressive haemodilution was associated with an 
increase in mesenteric blood flow but not in renal 
and femoral blood flows in both groups. When these 
regional blood flows were expressed as a fraction of 
the CO, mesenteric blood flow increased, while renal 
blood flow tended to decrease and femoral blood 
flow remained unchanged. 


EFFECTS OF HAEMODILUTION ON CRITICAL MESENTERIC 
DO, (TABLE 4, FIG. 3) 


There was no significant difference in critical mesen- 
teric blood flow, venous oxygen saturation, Do, Vo, 
or O,ER between the two groups. In both groups, 
mesenteric O,ERcrit was significantly lower than 
global O,ERcrit (P<0.02). 


Discussion 


We have examined the systemic and regional effects 
of progressive normovolaemic haemodilution in 
anaesthetized animals. Although not often used in 
clinical practice, ketamine was chosen as the anaes- 
thetic agent for its cardiovascular properties” ræ and 
its effects on tissue oxygen extraction. 

We found that the critical haemoglobin concentra- 
tion in anaesthetized dogs undergoing ventilation 
with air was 3.5—4 g dl’. Interestingly, data obtained 
from analysis of either the haemoglobin/Vo, relation- 
ship or the Do,/Vo, relationship were identical. The 
critical haemoglobin concentration we observed is in 
agreement with two other animal studies. In pento- 
barbital-anaesthetized dogs,” Cain estimated the 
critical haematocrit concentration to be approxi- 
mately 10%. In pentobarbital-anaesthetized pigs 
undergoing progressive haemodilution with dextran 
40, Räsänen” found a critical haemoglobin value of 
3.9 g dl kg”. Obviously, corresponding values are dif- 
ficult to obtain in humans. Nevertheless, van 
Woerkens, Trouwborst and van Lanschot” studied a 
sedated Jehovah Witness patient who died from 
extreme haemodilution, and observed a critical 
haemoglobin concentration of 4 g dl kg”. 

At the critical point, whole body oxygen extraction 
ratio was approximately 60%, a value which is very 
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Figure2 DoJ, (top) and haemoglobin (Hb)/ Vo, (bottom) relationships m one representative animal from the GEL 


group (left) and the HES group (right). 


similar to that observed during haemorrhagic shock 
in dogs using the same anaesthetic technique.” 
Critical oxygen delivery and consumption tended to 
be lower in the haemodilution than in the haemor- 
rhagic protocol, but this could be attributed to the 
small decrease in body temperature which was 
unavoidable during massive administration of i.v. 
fluids. 

Progressive haemodilution was associated with 
redistribution of blood flow to the mesenteric area, 
but not to the kidneys or muscles. These data are in 
agreement with other animal studies demonstrating 
that the kidneys are the organs at risk during 
haemodilution.” * Using radioactive microspheres, 
Crystal and Salem’*” demonstrated, in pentobarbital- 
anaesthetized dogs, that haemodilution to a haemo- 
globin value of 8 g dl kg” was not associated with an 
increase in renal blood flow, resulting in a decrease in 
renal oxygen delivery. Although mesenteric blood 
flow tended to increase during haemodilution, 
mesenteric oxygen extraction was significantly lower 
than systemic oxygen extraction at the critical point. 
This can be related to alteration of mesenteric oxy- 
gen extraction capabilities related to haemodilution. 
Kiel, Riedel and Shepherd” observed in pentobarbital- 
anaesthetized dogs a reduction in intestinal oxygen 
extraction during haemodilution which might be 


attributed to the vascular organization of the intesti- 
nal mucosa. In young pigs anaesthetized with keta- 
mine and flunitrazepam, Néldge and colleagues” 
also observed that haemodilution to a packed cell 
volume of 14% was associated with a decrease in 
mean surface Po, of the liver and small intestine, 
indicating that the increases in blood flow and oxy- 
gen extraction were no longer able to compensate for 
the decrease in splanchnic oxygen delivery. At this 
level of haemodilution, small intestine oxygen extrac- 
tion was only 33%, while liver oxygen extraction was 
49%. 

We have also explored the possibility that the phys- 
iological modifications associated with normo- 
volaemic haemodilution might be influenced by the 
type of fluid used for the exchange. In view of the 
shorter intravascular persistence of gelatin, its vol- 
ume could have been greater than the volume of 
HES, but this was not the case, probably because of 
the short duration of the experiments. Under the 
conditions of our study, differences between the two 
solutions were small. These observations are in agree- 
ment with a recent study,” showing that the in vivo 
theological effects of these two colloids are similar 
and less favourable than those of 3.5% dextran 40. 
The GEL group had a higher blood lactate concen- 
tration at the critical point, but this was likely to be 


Table 3 Regional blood flows at baseline and near the critical point in the GEL (n=9) and HES (7=9) 


groups. *P=0.079 vs baseline 


Group 
Mesenteric blood flow (ml min”) GEL 
HES 
Mesenteric blood flow (% of CO) GEL 
HES 
Renal blood flow (ml min”) GEL 
HES 
Renal blood flow (% of CO) GEL 
HES 
Femoral blood flow (ml min”) GEL 
HES 
Femoral blood flow (% of CO) GEL 
HES 





Baseline Near critical point 
207 (192) 306 (209) 
192 (101) 277 (102) 
7.3 (4.3) 11.1 (4.5) * 
7.2 (4.4) 10.8 (3.6) * 
197 (103) 122 (67) 
180 (80) 163 (126) 
7.5 (3.1) 5.1 (2.9) 
7.2 (3.3) 6.0 (3.3) 
36 (261 42 (34) 

56 (30) 51 (21) 

1.3 (0.5) 1.5 (1.0) 
2.0 (0.9) 2.0 (0.8) 





Critical haemoglobin concentration during anaesthesia 
Table 4 Mesenteric Do,/¥, relanonship in the GEL and HES 
groups 


GEL group HES group 
(n=7) (n=) 


0.660 (0.395) 0.636 (0.294) 
0.324 (0.202) 0.281 (0.076) 


Do,crit (ml min” kg") 
Vo,cnt (ml min” kg") 


O,ERerit (%) 50.1 (12.1) 48.5 (13.4) 
Mesenteric blood flow (ml mn™) 240 (168) 295 (147) 
Mesenteric SvO, (%) 45.9 (10.8) 56.0 (10.0) 


related to the presence of lactate in the gelatin solu- 
tion. 

Interestingly, progressive haemodilution was not 
associated with an increase in CO in our anaes- 
thetized animals. Similar results were reported in 
dogs and in humans‘ ” ” during anaesthesia with 
halogenated anaesthetics, which have known car- 
diodepressant and sympatholytic effects.” Our 
observations were somewhat surprising as ketamine 
has sympathomimetic actions related to direct stimu- 
lation of central nervous system structures.” ” The 
absence of an increase in CO, despite the decrease in 
systemic vascular resistance and maintenance of con- 
stant cardiac filling pressures, could be related to the 
negative inotropic Properties of Ketamine at the dose 
used in our study,” ” as suggested by the decrease in 
left ventricular stroke work in the presence of a con- 
stant PAOP. Previous administration of thiopental at 
induction of anaesthesia might also have blunted the 
cardiovascular stimulant properties of ketamine,” 
although we used very small doses of thiopental and 
the actual procedure started at least 2 h after admin- 
istration of thiopental. Even more surprising was the 
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Figure 3 Mesenteric Do,/V, relationship in one representative 
dog from the GEL group (a) and from the HES group (B). 
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significant decrease in HR during haemodilution in 
our animals. The reason for this decrease is unclear, 
as ketamine did not seem to increase parasympa- 
thetic tone“ or depress baroreceptor reflex activity.” 
As CO did not increase during progressive haemodi- 
lution, oxygen delivery decreased in parallel with the 
reduction in arterial oxygen content. Therefore, we 
did not observe the relationship between haemoglo- 
bin and oxygen delivery as demonstrated by 
Messmer and colleagues,” showing a maximum oxy- 
gen delivery for haemoglobin concentration close to 
10 g dl kg”. Our observations are in agreement with 
those reported by Cain in pentobarbital-anaes- 
thetized dogs.” Therefore, ketamine, in common 
with halogenated anaesthetics, may limit the ability 
of the organism to tolerate severe haemodilution. 

In summary, our data demonstrated that ketamine 
anaesthesia prevented the increase in CO, which is 
expected during normovolaemic haemodilution. 
Under these conditions, the only mechanism allow- 
ing maintenance of adequate tissue oxygen delivery 1s 
the oxygen extraction reserve. This mechanism 
allows maintenance of tissue oxygenation to a critical 
haemoglobin concentration of 3.54.0 g dl kg’. The 
physiological response to progressive haemodilution 
we observed was not influenced by the type of syn- 
thetic colloid used (gelatin or hydroxyethylstarch). At 
the regional level, despite an increase in splanchnic 
blood flow, oxygen availability to the gut may be 
threatened by weaker tissue extraction capabilities 
and to the kidneys by decreased blood flow as a result 
of redistribution of CO to other organs. 
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Suppression of parasympathetic reflex vasodilatation in the lower lip of 
the cat by isoflurane, propofol, ketamine and pentobarbital: 
implications for mechanisms underlying the production of anaesthesia 


Y. Ito, H. Izumi, M. Sato, K. KARITA AND N. IwaTsuKI 





Summary 

We have compared the effects of isoflurane, 
propofol, ketamine and pentobarbital on 
parasympathetic reflex vasodilatation to investi- 
gate their involvement in GABA-mediated synap- 
tic inhibition, enhancement of which is thought 
to underlie the action of many anaesthetic 
agents. In cats anaesthetized with urethane—a- 
chloralose, parasympathetic reflex vasodilatation 
in the ipsilateral lower lip was elicited by electri- 
cal stimulation of the central cut end of the lin- 
gual nerve. Isoflurane and pentobarbital both 
produced maixed dose-dependent inhibition of 
this vasodilator response. In contrast, propofol 
and ketamine had no effect on parasympathetic 
reflex vasodilatation. Administration of a GABA 
antagonist (picrotoxin) reversed the inhibition 
produced by isoflurane (previous results) and 
pentobarbital (present study). Our results sug- 
gest that isoflurane and pentobarbitone inhibit 
parasympathetic reflex vasodilatation via a 
GABA-mediated mechanism, but that propofol 
and ketamine have no such effect. Our results 
with propofol cast doubt on its presumed mecha- 
nism of action as an anaesthetic. (Br. J. Anaesth. 
1998; 81: 563-568). 


Keywords: anaesthetics volatile, isoflurane, anaesthetics i.v., 
propofol, anaesthetics i.v., ketamine; hypnotics barbiturate, 
pentobarbital; parasympathetic nervous system; brain, 
GABA 


The precise mechanism by which many anaesthetic 
agents exert their action remains unknown, as does 
their site of action. °? However, there is a consider- 
able body of evidence to suggest that enhancement of 
GABA-mediated synaptic inhibition may be a com- 
mon mode of action among anaesthetic agents.'** In 
particular, barbiturates,” volatile anaesthetics 
(isoflurane,' © * * halothane,’ © ” enflurane,’ ° “ 
sevoflurane’) and propofol have been reported to 
enhance the action of GABA within the central ner- 
vous system.” Indeed, the main sites at which these 
anaesthetics act to induce anaesthesia are considered 
to be GABA receptors. In contrast, ketamine is an 
anaesthetic which is considered to have little effect 
on the action of GABA.” ”” 

We have reported previously that at clinically used 
concentrations, isoflurane produced marked sup- 
pression of parasympathetic reflex vasodilatation in 
the orofacial area in cats anaesthetized with ure- 
thane—c-chloralose.” Pretreatment with the GABA 


receptor antagonist picrotoxin significantly attenu- 
ated isoflurane-induced inhibition, suggesting that 
GABAergic neurones are activated by isoflurane and 
then inhibit parasympathetic neurones” within the 
central nervous system, possibly by a direct action at 
the brainstem level. This may suggest that inhalation 
anaesthetics act on the parasympathetic reflex path- 
way by a mechanism similar to that by which they 
induce anaesthesia. However, in our preliminary 
experiments with propofol, which is considered to 
exert its action via enhancement of GABA, we 
detected no inhibitory effect on parasympathetic 
reflex vasodilatation. These results question whether 
anaesthetics considered to enhance GABA within the 
central nervous system inhibit the parasympathetic 
reflex response also. 

In this study, we have compared the effects of pen- 
tobarbital, propofol, isoflurane and ketamine on 
parasympathetic reflex vasodilatation and examined 
the involvement of GABA receptors in the modula- 
tion of this response. 


Materials and methods 


The studies were reviewed by the Committee on the 
Ethics of Animal Experiments, Tohoku University 
School of Medicine, and the study was carried out in 
accordance with the Guidelines for Animal 
Experiments issued by Tohoku University School of 
Medicine, and The Law (No. 105) and Notification 
(No. 6) of the Japanese Government. We studied 27 
adult cats of both sexes, weighing 2.2-3.7 kg, sedated 
initially with ketamine 30 mg kg’ i.m. and anaes- 
thetized with a mixture of urethane 100 mg kg" i.v. 
and a-chloralose 50 mg kg™ i.v., which was used to 
produce basal anaesthesia unless otherwise noted. In 
experiments to test the effect of urethane combined 
with a-chloralose on parasympathetic reflex vasodi- 
latation, propofol 9 mg kg” h” was used as the basal 
anaesthetic. The effects of anaesthetics on parasym- 
pathetic reflex vasodilatation were tested 2-3 h after 
the initial sedation had been produced with keta- 
mine. As the effects of ketamine are short-lasting 
(30-60 min after i.m. injection), the initial sedative 
dose should not have affected subsequent responses. 
Basal anaesthetics were supplemented when neces- 





Yutaka ITO, pps, Minoru SATO, DD, NAOFUMI IwATSUKI, MD 
(Department of Anaesthesiology), Hirosui Izumi, PHD, KEISHIRO 
Karrra, MD (Department of Physiology); Tohoku Umversity 
School of Dentistry, Sendai 980-8575, Japan. Accepted for publi- 
cation. April 17, 1998. 

Correspondence to H. I. 


564 
Tongue Brain stem 
LN NTS 
O--2---— 
x 
Picrotoxin 4 
Bicuculine y+ 





British Journal of Anaesthesia 








Lip blood vessel 


Parasympathetic ~ 
efferent 


VIP? LDF 





4 Isoflurane 
4 Pentobarbital 


Figure 1 Schematic representation of the putative penpheral and central pathways and mechanisms involved in the 
action of anaesthetics on parasympathetc reflex vasodilatation. Electrical sumulation was applied to the central cut end 
of the lingual nerve (LN). The blood flow response of lip blood vessels was measured by a laser Doppler flowmeter 
(LDF). NTS=Nucleus of the solitary tract. ISN=Inferior salivatory nucleus. 


sary throughout the experiment. In the anaesthetized 
animals, the trachea was intubated, and neuromus- 
cular block was produced by pancuronium 
(Mioblock, Organon) 0.4 mg kg” i.v. initially, supple- 
mented with 0.2 mg kg’ h". The lungs were venti- 
lated artificially via the tracheal cannula using a 
mixture of 50% air-50% oxygen. End-tidal concen- 
tration of carbon dioxide and inspired and end-tidal 
concentrations of the inhalation anaesthetics were 
monitored continuously using an infrared analyser 
(Capnomac Ultima, Datex Co. Helsinki, Finland). 
The ventilator was set to maintain end-tidal concen- 
tration of carbon dioxide at 4.9 kPa. Systemic arterial 
pressure and heart rate were recorded directly from a 
femoral artery catheter connected to a Statham pres- 
sure transducer. Ringer’s solution was infused con- 
tinuously at a rate of approximately 8 ml h”. Rectal 
temperature was maintained at 37-38°C using a 
heating pad. 

In all experiments, the vagus and sympathetic 
trunks in the neck were cut bilaterally before stimula- 
tion. This avoided involvement of the cervical sympa- 
thetics in any reflex effects, and ensured that only 
non-vagal parasympathetic effects were involved in 
the study. 

To elicit parasympathetic reflex vasodilatation in 
the lower lip, the central cut end of the lingual nerve 
was stimulated electrically at a supramaximal inten- 
sity (30 V) with pulses of 2 ms duration at a fre- 
quency of 10 Hz for 20 s, as described previously.” 
Changes in ipsilateral lower lip blood flow were mon- 
itored using a laser Doppler flowmeter (LDF; 
Advance ALF21R, Tokyo, Japan) as described previ- 
ously.” The probe was placed against the lower lip 
without exerting pressure on the tissues (fig. 1). LDF 
values obtained in this way represent blood flow in 
the superficial vessels in the tissue. Electrical calibra- 
tion for zero blood flow was performed for all record- 
ings. Several gains were selectable and the maximum 
output of a given gain level (defined electrically) was 
taken as 100%. The analogue output of the equip- 
ment does not give absolute values, but showed rela- 
tive changes in blood flow (for technical details and 
evaluation of the LDF method, see Stern and col- 
leagues”). The output from the device was displayed 
continuously on an eight-channel chart recorder at a 
speed of 10 mm min”. Blood flow changes were 
assessed by measuring the height of the response. 

The concentration of isoflurane was determined by 
analysing inspired and end-tidal samples of respira- 
tory gases obtained from a nylon catheter positioned 
within the tracheal tube. Propofol was administered 
continuously as an i.v. infusion, whereas pentobarbi- 


tal, ketamine, urethane—a-chloralose and picrotoxin 
were administered i.v. by bolus injection. 

Each cat was killed at the end of the experiment by 
an overdose of sodium pentobarbital (approximately 
150 mg). 

The criteria for maintenance of an adequate depth 
of anaesthesia were persistence of miotic pupils and 
absence of reflex increase in heart rate and arterial 
pressure during stimulation of the central end of the 
lingual nerve. If depth of anaesthesia was considered 
inadequate, additional a-chloralose and urethane 
(i.e. intermittent doses of 5 and 10 mg kg? i.v, 
respectively) were administered. When an adequate 
depth of anaesthesia was attained, supplementary 
doses of pancuronium were given approximately 
every 60 min to maintain immobilization during 
periods of stimulation. 

All numerical data are given as mean (sEM). The 
significance of changes in vasodilator responses was 
assessed using analysis of variance (ANOVA) and a 
contrast test. Differences were considered significant 
at P<0.05. Data were analysed using a Macintosh 
computer with StatView 4.5 and Super ANOVA. 


Results 


Figure 2 shows typical examples of the effects of 
propofol $ mg kg’ h” and 1.6% isoflurane on the 
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Figure2 Typical examples of the effects of propofol 9 mg kg” h™ 
and 1.6% isoflurane on the increase in lower lip blood flow (LBF) 
elicited by electrical sumulation of the central cut end of the 
lingual nerve in vago-sympathectomuzed cats. The lingual nerve 
was stimulated where indicated by the filled circles at 
supramaximal intensity (30 V) with 2 ms pulses at 10 Hz for 20 s. 
Top. effect of propofol; bottom: effect of isoflurane. The double- 
headed arrow indicates the period during which each anaesthetic 
was administered (30 min). “Back control” indicates the response 
to lingual nerve stumulation 20 min after cessation of 
administraucn of anaesthetic. 
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Figure 3 Effects of propofol 9 mg kg'h`', ketamine 10 mg ke”, 
pentobarbital (Pentobarb.) 20 mg kg“ and 1.6% isoflurane on 
parasympathetic reflex vasodilatation in the lower lip elicited by 
stimulation of the central cut end of the lingual nerve with a 
supramaximal intensity (30 V) at 10 Hz (2 ms pulse duration) for 
20 s. The vasodilator responses under the various anaesthetics 
were measured at the following times: propofol, 30 min after the 
start of infusion; ketamine, 10 min after injection; pentobarbital, 
60 min after injection; isoflurane, 30 min after the start of 
inhalation. The vasodilator response under each anaesthetic 18 
expressed as a percentage of the pretreatment response and 1s 
given as mean (SEM). The number of cats used 1s shown in 
parentheses. ***P<0.001 compared with control. 


increase in ipsilateral blood flow in the lower lip 
elicited by electrical stimulation of the central cut 
end of the lingual nerve. Administration of propofol 
had little effect on the vasodilator response during 
the period of study, but isoflurane produced signifi- 
cant inhibition during inhalation, followed by com- 
plete recovery within 20 min of cessation of 
isoflurane, 

Figure 3 shows the effects of propofol 9 mg kg” h“, 
ketamine 10 mg kg’, pentobarbital 20 mg kg“ and 
1.6% isoflurane on parasympathetic reflex vasodi- 
latation elicited by stimulation of the central cut end 
of the lingual nerve. Propofol and ketamine had little 
or no effect on parasympathetic reflex vasodilatation 
(propofol -4.0 (1.7)%, n=7, us; ketamine —11.6 
(5.5) %, n=4, ns), but pentobarbital and isoflurane 
produced marked decreases in this response (pento- 
barbital -79.3 (17.5)%, n=3, P<0.001; isoflurane 
—66.1 (5.2) %,n=5, P<0.001). 

Figure 4 shows the time course of the effect of pen- 
tobarbital on parasympathetic reflex vasodilatation 
and the effects of picrotoxin. The reductions pro- 
duced by pentobarbital at 10, 20, 30 and 40 min after 
its administration were 84.8 (6.7) % (n=7, P<0.001), 
79.7 (10.0)% (n=7, P<0.001), 78.1 (9.5)% (n=7, 
P<0.001) and 79.3 (17.5) % (n=3, P<0.001) of con- 
trol, respectively. This inhibitory effect was greatly 
attenuated by picrotoxin; 10 min after administration 
of picrotoxin, the vasodilator response was signifi- 
cantly greater than that seen at the same time in its 
absence (P<0.05). The vasodilator response after 
picrotoxin was only 24.1 (8.9) % less than the control 
response recorded before injection of pentobarbital 
(n=4, P<0.05). 

The dose-related effects of propofol and isoflurane 
are shown in figure 5. In each case, the parasympa- 
thetic reflex vasodilator response was measured after 
30 min of infusion. Although isoflurane produced 
dose-dependent inhibition (0.4%, 0.8% and 1.6% 
isoflurane produced reductions of 12.5 (1.6)% 
(n=5, ns), 49.7 (8.7)% (n=5, P<0.001) and 66.1 
(5.2) % (n=5, P<0.001), respectively), propofol had 
little or no effect on parasympathetic reflex vasodi- 
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Figure 4 Effect of przrotoxin 2 mg kg on pentobarbital-induced 
suppression of parasympatheuc reflex vasodilatation ın the lower 
hp elicited by electrical stimulaton of the central cut end of the 
lingual nerve with a supramaximal intensity (30V) at 10 Hz (2 ms 
pulse duration) for 20 s. Drugs were administered where indicated 
by the arrows Solid line shows the effect of pentobarbital on 
parasympathetc reflex vasodilatation, and dashed line shows the 
effect of picrotoxin on this response. Time (min)=nme after 
administration of pentobarbital. The vasodilator response after 
administration of pentobarbital or picrotoxin 1s expressed as a 
percentage of the response at time 0 and 1s given as mean (SEM) 
*P<0.05; ***P<0 001 vs before administration of pentobarbital. 
P<0.05 indicates significant difference between the two data 
points. The number of cats used 1s shown in parentheses. 
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Figure 5 Dose-related effects of propofol 0-9 mg kg“h™ (top) 
and 0-1.6% isoflurane (bottom) on parasympathetc reflex 
vasodilatation in the lower lip elicited by stmulation of the central 
cut end of the lingual nerve with a supramaxmal intensity (30 V) 
at 10 Hz (2 ms pulse duration) for 20 s Vasodilator responses were 
measured 30 min after the beginning of infusion or inhalation of 
anaesthetic. Responses are expressed as percentage of the 
pretreatment response and each 1s given as mean (SEM). The 
number of cats used is shown in parentheses. ***P<0 001 vs 
before administration of isoflurane. 


latation at any dose (2.25, 4.5 and 9 mg kg” h” 
produced reductions of 7.0 (1.6)% (n=5, ns), 7.5 
(4.0) %, (n=5, ns) and 4.0 (1.7) % (m=7, ns), respec- 
tively). 

Figure 6 shows the time-related effect on parasym- 
pathetic reflex vasodilatation of urethane 100 mg kg” 
with a-chloralose 50 mg kg’, which we used to pro- 
duce basal anaesthesia throughout the experiments. 
In the experiments illustrated in figure 6, propofol 
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Figure ő Time-related effects of urethane—o-chloralose (100 and 
50 mg kg”, respectively) with propo2ol 9 mg kg“ h™ anaesthesia on 
the increase in lower lip blood flow (LBF) elicited by electrical 
stimulation of the central cut end of the lingual nerve (30 V, 10 Hz, 
2 ms, 20 s) in vago-sympathectomuzed cats. Vasodilator responses 
are expressed as a percentage of the control response (evoked in 
the presence of propofol) and each is given as mean (sem). The 
number of cats used was four. Open and shaded columns show, 
respectively, the increase in lower lip blood flow elicited by hngual 
nerve stimulation in the absence (control; propofol only) and 
presence of urethane—c-chloralose. Filled column shows the 
increase in lower lip blood flow evoked by lingual nerve 
stimulation 20 mun after cessation of propofol infusion Q.e. during 
urethane—c-chloralose alone). 


9 mg kg’ b” was used to produce basal anaesthesia. 
There were no significant differences between the 
control response (or back control) and responses 
evoked in the 30-120 min after administration of 
urethane—a-chloralose. 


Discussion 


We have shown that parasympathetic reflex vasodi- 
latation in the lower lip of the cat was suppressed by 
both pentobarbital and isoflurane (but not by propo- 
fol or ketamine), and that pentobarbital-induced 
suppression was largely reversed by picrotoxin, a 
GABA, antagonist. We have postulated previously on 
the existence of tonically active GABA-mediated 
inhibition of this parasympathetic reflex system, on 
the basis that i.v. administration of a GABA antago- 
nist such as bicuculline elicits a parasympatheticall 
mediated response similar to the reflex response. 
Furthermore, we have reported recently” that 
inhalation anaesthetics such as isoflurane, sevoflu- 
rane and halothane (each at 1 MAC) markedly inhib- 
ited parasympathetic reflex vasodilatation in the 
lower lip and palate that was elicited by electrical 
stimulation of the central cut end of the lingual nerve 
in vaso-sympathectomized cats anaesthetized with 
urethane—o-chloralose, and that prior administration 
of picrotoxin, a GABA antagonist, reversed this 
inhibitory effect of isoflurane. These results suggest 
that inhalation anaesthetics produce inhibition of 
parasympathetic reflex responses via activation of 
GABA receptors or increase in GABA, or both (fig. 
1). As the inhibitory action of isoflurane was unaf- 
fected by decerebration, it is apparently exerted 
within the brainstem.” These results led us to specu- 
late that any agents that enhance the effect of GABA, 
such as inhalation anaesthetics, would inhibit 
parasympathetic reflex vasodilatation in the cat. 
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Our finding that administration of picrotoxin 
reversed the inhibition of parasympathetic reflex 
vasodilatation produced by pentobarbital (fig. 4) is 
in agreement with our previous results using 
isoflurane.” It is well known that the rostal gustatory 
zone of the nucleus of the solitary tract (NST) of the 
rat and the caudal visceroceptive NST contain both 
GABA and the principle enzyme involved in the 
degradation of GABA, GABA transaminase,” 
Further, the preganglionic parasympathetic cell bod- 
ies of the superior and inferior salivatory nuclei 
receive direct projection from the NST, in addition to 
one from the parabrachial nucleus.” ™ Our data are 
consistent with the idea that both isoflurane and 
pentobarbital activate GABA receptors (and/or 
increase GABA release) within the NST, and that 
this leads to inhibition of parasympathetic reflex 
vasodilatation (fig. 1). However, at present this idea is 
speculative. 

Ketamine is thought to inhibit N-methyl-p-aspar- 
tate (NMDA) receptors and have little effect on GABA 
receptors within the central nervous system.°"”"* Our 
data (fig. 3) showed that administration of ketamine 
had no effect on parasympathetic reflex vasodila- 
tation, suggesting that NMDA has no influence on 
this type of reflex vasodilatation. 

Propofol has been used widely in clinical practice, 
and also in experimental studies both in vivo” ° and 
in vitro." It has been reported to enhance the 
action of GABA within the central nervous system, 
for example in the cerebral cortex,” ° hippocampus” 
and spinal dorsal horn.” However, no inhibitory 
effect of propofol on parasympathetic reflex vasodila- 
tor response was observed in our cats anaesthetized 
with urethane—o-chloralose (fig. 2). These results 
question whether GABA-enhancing anaesthetics 
necessarily produce inhibition of parasympathetic 
reflex vasodilatation. Nevertheless, except in the case 
of propofol. there seemed to be a close relationship 
between supposed GABA-enhancing effect and inhi- 
bition of parasympathetic reflex vasodilatation. 
Interestingly, there is evidence of differential effects 
among anaesthetics, in that propofol has been 
reported to bind to GABA receptors other than those 
affected by pentobarbital and isoflurane. * There are 
at least two explanations for the inability of propofol 
to inhibit parasympathetic reflex vasodilatation: (i) 
propofol has no ability to enhance the action of 
GABA within the brainstem, even though it has such 
an ability in other parts of the CNS (see above) or (ii) 
propofol cannot produce a further reduction in the 
parasympathetic reflex vasodilator response recorded 
under basal urethane—o-chloralose anaesthesia 
because urethane—a-chloralose had already inhibited 
the relevant GABA receptors. The first possibility 
seems unlikely as it requires propofol to enhance the 
action of GABA at several sites within the brain and 
spinal cord,’ but not within the brainstem pathway 
mediating parasympathetic reflex vasodilatation. 
However, we cannot completely exclude this possi- 
bility. The second possibility (that urethane—c- 
chloralose strongly inhibits the relevant GABA 
receptors) seems unlikely because urethane has 
minimal effects on circulatory dynamics, and a- 
chloralose hes comparatively few depressant effects 
on central nervous structures.” * Moreover, our 
experiments showed that urethane—o-chloralose had 
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no effect on parasympathetic reflex vasodilatation when 
propofol was used as the basal anaesthetic (fig. 6). 

Propofol has been reported to decrease sympa- 
thetic activity more than parasympathetic activity, 
and to produce bradyarrhythmia, including asys- 
tole.*”* Our findings that propofol had no effect on 
reflex activation of the parasympathetic supply to 
blood vessels is consistent with the idea that 
parasympathetic activity as a whole is better pre- 
served under propofol. If so, preservation of efferent 
vagal actions on the heart could help explain the 
bradyarrhythmia seen with propofol. However, this 
idea is speculative. 

In summary, the results of this and previous studies 
have demonstrated that anaesthetics such as pentobar- 
bital and isoflurane exert an inhibitory effect on 
parasympathetic reflex vasodilatation in the lower lip 
of the cat via activation of GABA receptors, or 
increased release of GABA, or both, while propofol 
and ketamine have no such effects. Our results with 
pentobarbital, isoflurane and ketamine are consistent 
with the current idea that these agents exert their 
anaesthetic actions by enhancing the effects of GABA 
(pentobarbital and isoflurane) or by inhibiting NMDA 
receptors (Ketamine). The lack of effect of propofol in 
this study casts doubt’ on the idea that its anaesthetic 
action is exerted by enhancement of the actions of 
GABA. However, this requires further study. 
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Volatile anaesthetics have differential effects on recombinant mi and 
m3 muscarinic acetylcholine receptor function} 


G.W. NETGEN, C.W. HONEMANN, C. K. Cuan, G. L. KAMATCHI AND M. E. DURIEUX 


Summary 


Muscarinic acetylcholine signalling plays major 
roles in regulation of consciousness, cognitive 
functioning, pain perception and circulatory 
homeostasis. Halothane has been shown to 
inhibit m1 muscarinic signalling. However, no 
comparative data are available for desflurane, 
sevoflurane or isoflurane, nor have the anaes- 
thetic effects on the m3 subtype (which is also 
prominent in the brain) been studied. Therefore, 
we have investigated the effects of these com- 
pounds on isolated m1 and m3 muscarinic recep- 
tor function. Defolliculated Xenopus oocytes 
expressing recombinant m1 or m3 muscarinic or 
{for comparison) AT,, angiotensin || receptors 
were voltage clamped, and Ca”-activated CI cur- 
rents (kica) induced by acetyl-B-methylcholine 
(Mch) or angiotensin || were measured in the 
presence of clinically relevant concentrations of 
halothane, sevoflurane, desflurane or isoflurane. 
To determine the site of action of the volatile 
anaesthetics we compared anaesthetic effects on 
m1, m3 and AT,, receptor function and studied 
the effects of volatile anaesthetics on signalling 
induced by intracellular injection of the second 
messenger IP,. Desflurane had a biphasic effect 
on m1 signalling, enhancing at a concentration of 
0.46 mmol litre’ but depressing at 0.92 mmol 
litre’. A similar, although not significant, trend 
was observed with m3 signalling. !soflurane 
had no effect on m1 signalling, but profoundly 
inhibited m3 signalling. Sevoflurane depressed 
the function of m1 and m3 signalling in a dose- 
dependent manner. Halothane, similar to its 
known effect on m1 signalling, dose-dependently 
depressed m3 function. lyca induced by intracellu- 
lar injections of IP, were unaffected by all four 
anaesthetics. Similarly, none of the anaesthetics 
tested affected AT,, signalling. Absence of inter- 
ference with AT,, signalling and intracellular path- 
ways suggest that the effects of anaesthetics on 
muscarinic signalling most likely result from 
interactions with the m1 or m3 receptor molecule. 
Multiple interaction sites with different affinities 
may explain the biphasic response to desflurane. 
Anaesthetic-specific effects on closely related 
receptor subtypes suggest defined sites of action 
for volatile anaesthetics on the receptor protein. 
(Br. J. Anaesth. 1998; 81: 569-577). 


Keywords: theories of anaesthetic action, molecular; anaes- 
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In addition to the well known actions in circulatory 
and respiratory regulation, ° muscarinic acetylcholine 
signalling plays an important role in the central 
nervous system (CNS). Level of consciousness is 
modulated significantly by brainstem muscarinic sig- 
nalling.’ Cholinergic antagonists affect memory and 
learning abilities through actions on the basal fore- 
brain, cortex and hippocampus.** Spinal muscarinic 
receptors mediate antinociception, predominantly in 
the substantia gelatinosa of the dorsal horn, and also 
affect motor neurone areas.°’ 

Anaesthetics cause CNS depression and alter 
bronchial tone and heart rate, effects which may be 
mediated in part by interactions with muscarinic 
signalling.’ Various anaesthetics are known to alter 
ligand binding to muscarinic receptors. Ether," 
halothane,” chloroform, enflurane and isoflurane” 
were shown to increase muscarinic antagonist bind- 
ing. However, these initial reports investigated mixed 
receptor populations and did not study receptor acti- 
vation. More refined methods of investigating anaes- 
thetic mechanisms became available when the 
members of the muscarinic receptor subfamily were 
cloned. Hence the influence of anaesthetics on the 
function of individual receptor subtypes can now be 
studied. Recently, we reported that halothane” and 
ketamine™ inhibited m1 muscarinic signalling. 

This study was designed to extend the initial find- 
ings with halothane. First, we wished to investigate if 
the effect of halothane on muscarinic signalling was 
subtype-specific. Therefore, we studied anaesthetic 
actions on the m3 muscarinic receptor, which is also 
expressed widely in brain.” Second, we wished to 
investigate if the effects of halothane could be extrap- 
olated to other volatile anaesthetics. Thus we studied 
the muscarinic inhibitory effects of sevoflurane, 
isoflurane and desflurane. The comparison between 
isoflurane and desflurane was of specific interest, as 
these anaesthetics are closely related structurally: 
desflurane differs from isoflurane only in the substi- 
tution of fluorine for chlorine on the a-ethyl carbon. 
However, in contrast with isoflurane, desflurane has 
been noted to induce a relative sympathetic activation, 
resulting in significantly increased heart rate and 
mean arterial pressure compared with isoflurane." 
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We hypothesized that this effect might result in part 
from muscarinic inhibition, and that, despite their 
structural similarities, these anaesthetics might show 
divergent effects on muscarinic receptor function. 
Therefore, we have determined the action of des- 
flurane, isoflurane and sevoflurane on m1 and m3 
muscarinic and, as a comparison, on angiotensin I 
receptor function. In addition, the effects of 
halothane on m3 signalling were investigated. 
Specifically, we investigated if the anaesthetics, at 
clinically comparable concentrations, influenced m1 
and m3 muscarinic signalling, and where in the 
signalling pathway their effects were localized. 


Materials and methods 


XENOPUS OOCYTES 


The study was approved by the Animal Research 
Committee of the University of Virginia. Adult 
female Xenopus laevis frogs were obtained from 
Xenopus I (Ann Arbor, MI, USA) and housed in an 
established frog colony. To obtain oocytes, frogs were 
anaesthetized with 1% tricaine (3-aminobenzoic acid 
ethyl ester) until unresponsive, and operated on ice. 
Oocytes were harvested via a 5-mm incision in the 
lower lateral abdominal wall and placed immediately 
in modified Barth’s solution containing (mmol 
litre’): NaCl 88, KCl 1, NaHCO, 2.4, CaCl, 0.41, 
MgSO, 0.82, Ca(NO,), 0.3, gentamicin 0.1, HEPES 
15, pH adjusted to 7.6. Frogs were returned to the 
main tank after recovering for 2 days in isolation. 
Oocytes (Dumont’s stages V and VI) were defollicu- 
lated by gentle shaking for 2 h in a solution of 1 mg 
ml” collagenase type Ia in calcium-free OR2 solu- 
tion, containing (mmol litre’): NaCl 82.5, KCl 2, 
MgCl, 1, HEPES 5, pH adjusted to 7.5, and were 
afterwards incubated in modified Barth’s solution at 
18°C. 


RECEPTOR EXPRESSION 


The rat ml and m3 muscarinic acetylcholine recep- 
tors were a gift from T. I. Bonner (National Institutes 
of Mental Health, Bethesda, MD, USA). Its comple- 
mentary DNA (cDNA) consists of a 2.8-kilobasepair 
(kpb) fragment in a commercial vector (pGEMI]; 
Promega, Madison, WI, USA}. The construct for m1 
expression was linearized by digestion with the 
nuclease Hindi, and complementary RNA (CRNA) 
was transcribed tm vitro using the bacteriophage RNA 
polymerase T7. A capping analogue (“GpppG) was 
included in the reaction to generate capped tran- 
scripts, as these are translated more efficiently in the 
oocyte. The resulting cRNA was quantified by spec- 
troscopy and diluted in water to a concentration of 
0.1 mg ml”. Oocytes were each injected with 5 ng of 
cRNA using an automated microinjector (Nanoject; 
Drummond Scientific, Broomall, PA, USA). 
Adequacy of injection was confirmed by noting the 
slight increase in cell size during injection. m3 mus- 
carinic cDNA was subcloned in the pCMV vector. 
cDNA 10 ng in HLO 9.5 nl was injected directly into 
the germinal vesicle (nucleus) of the oocyte. This 
technique bypasses in vitro CRNA preparation and 
therefore yields faster and more convenient, although 
less reliable, expression. 
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A 1.2-kbp cDNA in the CDM8 vector (Invitrogen, 
San Diego, CA, USA), encoding the rat AT, 
angiotensin II receptor, was obtained from Dr. K. R. 
Lynch (University of Virginia, Charlottesville, VA, 
USA). The construct was linearized with the nucle- 
ase Xho] and transcribed in vitro by T7 RNA poly- 
merase in the presence of a capping analogue. 
Oocytes were injected as described above. All injected 
cells were cultured for 72 h at 18°C in modified 
Barth’s solution before study. 


ELECTROPHYSIOLOGY 


m1, m3 or AT, receptor activation in oocytes leads 
to G protein-induced phospholipase C activity and 
release of inositoltrisphosphate (IP,) from phospho- 
inositolbisphosphate (fig. 1a). IP, then binds to its 
specific receptor on intracellular Ca” stores to 
release Ca”, which in turn opens an endogenous 
Ca”*-activated CI channel. The resulting current can 
be measured by voltage clamp, and this Ca- 
activated CT current (Iaca)» integrated and expressed 
as micro coulombs (uC), is a measure of intracellular 
Ca” release.”” The upward deflection during 
agonist application at times observed in the traces 
is a slight motion artefact. All experiments were 
performed at room temperature (approximately 
22°C). 

Microelectrodes were pulled in one stage from 
capillary glass (BBL with fibre; World Precision 
Instruments, Sarasota, FL, USA) on a micropipette 
puller (medel 700C; David Kopf Instruments, 
Tujunga, CA, USA). Tips were broken to a diameter 
of approximately 10 um, providing a resistance of 
1-3 MQ, and filled with KCI 3 mol litre”. A single 
oocyte was placed in a perfusable bath containing 
3 ml of Tyrode’s solution containing (mmol litre’): 
NaCl 150, KCl 5, MgCl 1, CaCl, 2, glucose 10, 
HEPES 10, pH adjusted to 7.4 with NaOH. Two 
microelectrodes were inserted into the oocyte, and a 
holding potential of -70 mV was applied to the 
membrane. The voltage clamp amplifier (OC725A; 
Warner Corporation, New Haven, CT, USA) was 
connected to a data acquisition and analysis system 
running on an IBM-compatible personal computer. 
The acquisition system consisted of a DAS-8 A/D 
conversion board (Keithly-Metrabyte, Taunton, 
MA) and analysis was performed with OoClamp 
software.“ Occasional cells that did not show a 
stable holding current of less than 1 pA during a 
I-min equilibration period were excluded from 
analysis. 

Membrane current was sampled at 125 Hz and 
recorded for 5 s before and 55 s after application of 
the agonist (acetyl-B-methylcholine (Mch) or 
angiotensin II (AT) delivered at appropriate EC,, 
values: Mch 10” mol litre” for m1 receptors”, Mch 
10° mol litre” for m3 receptors; AT 10” mol litre” 
for AT, receptors). Agonists were delivered in 30-1 
aliquots over 1—2 s using a micropipettor positioned 
approximately 1 mm from the oocyte. Responses 
were quantitied by integrating the current trace by 
quadrature and are reported as uC as this reflects 
intracellular Ca’*-release better than peak current.” 
Any motion artefact on agonist delivery was 
excluded from analysis. Each oocyte received a single 
agonist application only. 
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IP, AND HEPARIN MICROINJECTION 


To evaluate the influence of volatile anaesthetics on 
the second messenger system, we injected IP, or 
heparin into the oocyte. Heparin inhibits the’ IP, 
receptor on intracellular Ca” stores, thereby inhibit- 
ing Ca” release induced by IP,-signalling receptors. 
Heparin injections were performed 30 min before 
voltage clamping; heparin 120 ng (2 ng nl’) was 
microinjected using the same nanoinjector mentioned 
rindi IP,, when injected into the cell, induces an 
Iac similar to that observed after receptor activation 
in the oocyte. IP,-induced Toxcey was evoked by inject- 
ing 50 nl of IP, 2 mmol litre” in water into the oocyte. 
Each oocyte was injected only once with IP,; there- 
fore, any kinetic effects observed were not caused by 
time-dependent effects or run-down after multiple 
injections. Control injections with water as vehicle 
were performed to assure a specific action of IP,. 


STATISTICAL ANALYSIS 


Results are reported as mean (SEM). As variability 
between batches of oocytes is common, responses 
were at times normalized to same-day controls for 
each batch. Differences between treatment groups 
were analysed using ANOVA and Student’s unpaired 
t test, appropriately corrected for multiple compar- 
isons (Bonferroni). P<0.05 was considered signifi- 
cant. Concentration—response curves were fit to the 
following logistic function, derived from the Hill 


equation: 





I= Ymm t Smm xt, +a") 

where y,,,, and y__=maximum and minimum response 
obtained, respectively, n=the Hill coefficient, and 
x, =concentration at which the half-maximal response 
occurs (EC,, for agonist, IC,, for anaesthetics). In 
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figure 1p, curve fitting was performed on averaged 
raw data. In the other graphs, because of variability of 
oocyte batches from different frogs, data were nor- 
malized to the same day control value and then the 
fitting was performed on the averaged normalized 
values. All fitting values are given in table 1 and fits 
were used only if was greater than 0.95. 


MATERIALS 


Molecular biology reagents were obtained from 
Promega (Madison, WI, USA) and other chemicals 
were obtained from Sigma (St Louis, MO, USA). 
Volatile anaesthetics (desflurane and isoflurane from 
Ohmeda Pharmaceutical Products Division, Liberty 
Corner, NJ, USA, sevoflurane from Abbott 
Laboratories, North Chicago, IL, USA and halothane 
from Halocarbon Laboratories, River Edge, NJ, USA) 
were delivered using agent-specific vaporizers (carrier 
gas:air at 500 ml min”) and equilibrated in Tyrode’s 
solution by bubbling for at least 10 min. Oocytes were 
exposed to anaesthetics for approximately 5 min 
before testing. Bath concentrations of anaesthetics 
were verified by gas chromatography (Aerograph 940, 
Varian Analytical Instruments, Walnut Creek, CA, 
USA) using saline-gas partition coefficients (Ps) at 
22°C for isoflurane (1.08), sevoflurane (0.52), 
halothane (1.20) and desflurane (0.45) (estimations 
for desflurane and sevoflurane were based on the 
observation that P is js approximately twice as 
eat at 22°C as at 37) 2 


Results 
FUNCTIONAL EXPRESSION OF MUSCARINIC AND 
ANGIOTENSIN RECEPTORS IN XENOPUS OOCYTES 


Control oocytes were unresponsive to Mch 10” mol 
litre’ or AT 10° mol litre” (data not shown). Oocytes 


Table 1 Curve fitung vanables (Hill equation) for Mch concentration-response relationships in Xenopus 
oocytes expressing recombinant m1 or m3 muscarinic acetylcholine receptors and inhibition 
concentration relationship for isoflurane, sevoflurane and halothane on m1 or m3 muscarinic receptor 


signalling values. Values are given as mean (SEM). 


EC,, 
(mol litre) 


Concentration-response 


relationship 


muscarinic ml receptor 


muscarinic m3 receptor 


EC, 
(mol litre) 
Concentranon-imhibition 
relanonship 
m3 muscarinic receptor and 0.45 
isofturane (0.06) 
mi muscarimic receptor and 0.32 
sevoflurane (0.01) 
m3 muscarinic receptor and 0.75 
sevoflurane (0.05) 
m3 muscarinic receptor and 0.88 


halothane (0.02) 


1.3 (0.15) x 10” 


1.02 (0.58) x 10° 


Hill 
coefficient Emax (uC) ? 
0.83 8.77 0.99 
(0.07) (0.14) 
0.75 9.95 0.96 
(0.27) (0.88) 
Hall 
coefficient Emax (%) ê 
1.92 99.12 0.98 
(0.43) (6.31) 
3.18 97.11 0.99 
(0.32) (2.25) 
7.25 103.7 0.96 
(3.8) (7.56) 
5.4 98.61 0.99 
(0.66) (2.79) 
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injected with mRNA encoding the m1 or AT,, recep- 
tor or CDNA encoding m3 muscarinic acetylcholine 
receptor, respectively, responded with a transient 
inward current in a concentration-dependent man- 
ner (fig. 1B, C, D—fitting values in table 1). Agonist 
concentrations were chosen to reflect approximate 
EC,, values, as determined in fig. 1D. Currents devel- 
oped within several seconds efter agonist application, 
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Figure 1 Muscarinic and angiotensin signalling in Xenopus laevis 
oocytes, A: Signalling pathway linking activation of the muscarinic 
receptor to chloride (CI) channel opening. The double line 
represents the cell membrane. The agonist acetyl-B-methylchohne 
(Mch) binds to a G protein-coupled receptor, which in turn 
activates phospholipase C (PLC). PLC releases 
inositoltrisphosphate (IP,) from cell membrane-bound 
phosphatidylinositolbisphosphate (PIP,). Calcium (Ca™) is 
released from IP,-sensitive intracellular stores and activates a Ca®™- 
dependent CIchannel in the cell membrane. Angiotensin 
receptors signal over the same pathway. B: Left: Example of inward 
Ca™-activated CI current (lwo) induced by acetyl-f- 
methylcholine (Mch) 107 mol litre” in an oocyte expressing m1 
muscarinic rectors. The current 1s integrated and expressed as 
charge movement (1.9 uC). Right: The response to Mch can be 
blocked completely by the antagonist atropine (1 pmol litre”). 
Similar observations were obtained with m3 receptors and their 
specific antagonist 4 DAMP p (100 nmol htre™; data not shown), c: 
Left: Example of inward Ca”. ~activated CT current (Iy.,)) unduced 
by angiotensin IT (ATID 10” mol litre” in an oocyte expressing 
AT, receptors. Charge movement 18 1.7 uC. Right The response 
can be blocked completely by the angrotensin II receptor 
antagonist losartan (10 pmol litre”). p. Concentration—response 
relationship for m1 and m3 muscarinic receptors. Fitting values 
using the Hill equation are given in table 1. 
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and returned to baseline after approximately 30 s. 
Average response sizes were 3.4 (0.8) uC for the ml 
receptor, 5.0 (1.2) pC for the m3 receptor and 1.6 
(0.6) uC for the AT,, receptor. These findings are 
similar to those reported in our previous studies, 
where we showed that these currents were I, co" 

To ensure that the responses were mediated by 
specific receptors, we attempted to inhibit them with 
antagonists. Atropine 1 pmol litre’ completely inhib- 
ited responses to Mch in oocytes expressing m1 and 
m3 receptors (fig. 1B), and the m3-selective antago- 
nist 4 DAMP 100 nmol litre’ inhibited responses of 
m3 receptors (data not shown). Similarly, the non- 
peptide angiotensin receptor antagonist losartan 
10 pmol litre’ inhibited AT signalling in cells 
expressing AT, receptors (fig. Ic). 


DESFLURANE AFFECT M1 AND M3 MUSCARINIC 
SIGNALLING IN A CONCENTRATION-DEPENDENT BIPHASIC 
MANNER 


We then tested the ability of desflurane at various 
concentrations to influence I... induced by appro- 
priate Mch concentrations in oocytes expressing m1 
(fig. 2A) or m3 receptors. Signalling of m1 receptors 
was enhanced significantly when desflurane 
0.46 mmol litre” was present in the bath: responses 
were 71 (28) % greater than control (P<0.001, 
t test). Destlurane, at a concentration of 0.70 mmol 
litre’, induced no significant change in response 
(decrease of 12 (17) %; P=0.47, t test) compared 
with control. At higher concentrations, desflurane 
inhibited muscarinic signalling: desflurane 0.92 and 
1.66 mmol litre’ reduced responses by 43 (11) % 
(P=0.003, ¢ test) and 75 (5) % (P<0.001, t test), 
respectively (fig. 28). Similar results were obtained 
for m3 signalling (fig. 2c). Thus desflurane had 
a biphasic, concentration-dependent effect on 
muscarinic receptor function. 


ISOFLURANE DID NOT AFFECT M1, BUT INHIBITED M3 
MUSCARINIC SIGNALLING 


In contrast with desflurane, isoflurane had no effect 
on Mch-induced m1 muscarinic signalling (fig. 3a). 
At very high concentrations (0.75—0.96 mmol litre”) 
an inhibitory trend was noted (fig. 3B). However, 
these effects were not statistically significant. The 
effects of isoflurane on m1 signalling were therefore 
different from those of desflurane, especially when 
the actions of the two compounds were compared at 
MAC-equivalent concentrations. In contrast with its 
lack of effect on m1 signalling, isoflurane inhibited 
m3 signalling (IC,, 0.45 mmol litre") (fig. 3c). 


SEVOFLURANE AND HALOTHANE INHIBITED M1 AND M3 
SIGNALLING 


Sevoflurane and halothane inhibited ml and m3 
muscarinic signalling. We have reported previously 
that halothane inhibits m1 signalling with an IC,, of 
0.3 mmol litre’.” In this study, we found that it 
inhibited m3 signalling with an IC,, of 0.88 mmol 
litre” (fig. 4c). Sevoflurane inhibited m1 and m3 Sig- 
nalling in a similar manner (IC, 0.32 mmol litre? for 
m1 muscarinic inhibition (fig. 4a) and 0.75 mmol 
litre” for m3 muscarinic signalling (fig. 48)). Thus, 
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Figure 2 Influence of desflurane on m1 and m3 muscarinic signalling. a: Tarca induced by Mch 10” mol litre’ in 
oocytes expressing m1 muscarmic receptors at various concentrations of desflurane (desflurane 0 mmol litre” (1.5 pC), 
0.46 mmol litre” (2 2 uC), 0.70 mmol litre” (1.4 pC) and 0.92 mmol litre” (0.7 uC)). 8: Desflurane has a biphasic effect 
on Mch-induced Zay in oocytes expressing m1 receptors’ it enhances signalling by 77% at concentrations of 0.46 mmol 
litre’, had no significant effect at 0.70 mmol litre’ and reduces signalling by 43% and 75% at desflurane concentrations 
of 0.92 mmol litre‘ and 1.66 mmol btre", respectively. c: Desflurane has a biphasic effect on Mch-induced Facey M3 
muscarinic signalling. it has no significant effect at concentranons of 0.46 mmol hitre” but enhances signalling by 78% 
(P=0.03) at concentrations of 0.70 mmol litre”. No effect is seen at 0.92 mmol litre”, whereas signalling is inhibited at 
1.66 mmol litre” (P<0.001). **P<0.01, ***P<0.001 (ANOVA, r test). 
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Figure 3 Influence of isoflurane on m1 and m3 muscarinic signalling. a. 1... induced by Mch 10” mol litre” in oocytes expressing m1 
receptors at various isoflurane concentranons: isoflurane 0.24 mmol litre ‘(1.5 pC), 0.69 mmol litre (1.7 pC) and 0.75 mmol litre” 

(1.4 uC). B: Isoflurane had no effect on Mch-induced J, signalling in oocytes expressing m1 receptors (average control response 1.6 uC; 
number of oocytes tested in parentheses). c: Concentranon—inhibition relationship of isoflurane on m3 muscarinic signalling. Fitung values 


are given in table 1 


the m1 receptor appeared to display higher sensitivity 
to the inhibitory effects of halothane and sevoflurane. 


ANGIOTENSIN Il AND MUSCARINIC RECEPTORS SHARED 
THE SAME INTRACELLULAR SIGNALLING PATHWAY 


As we wished to study the effects of the anaesthetics 
on angiotensin signalling to localize their site of 
action, it was necessary to demonstrate that 


angiotensin and muscarinic receptors signal through 
the same pathway. We have shown previously that 
AT, receptors expressed in Xenopus oocytes signal 
through the IP, pathway, as signalling can be blocked 
specifically by intracellular microinjection of the IP, 
receptor antagonist heparin.” To confirm the experi- 
ments reported previously, and to determine if 
muscarinic signalling uses the same pathway, we 
evaluated the effect on signalling of microinjection of 
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Figure 4 Influence of sevoflurane ard halothane on m1 and m3 
muscarinic signalling. Average contrcl response 3.4 uC for m1 and 
5.0 uC for m3 muscarinic receptors; number of oocytes tested in 
parentheses. a: Concentration—inhibition relationship of 
sevoflurane on ml muscarinic signalling. Calculated IC,, is 0.32 
pmol litre”, Hill coefficient is 3.5. B: Concentration-inhibition 
relationship of sevoflurane on m3 muscarinic signalling. 
Calculated IC,, is 0.75 pmol litre”, H- coefficient is 6.8. c: 
Concentration—inhibition relationship of halothane on m3 
muscarinic signalling. Fitting values are given in table 1. 


heparin (2 ng nl’, 60 nl, 30 min before recording) 
into oocytes expressing ml or AT,, receptors. m1 
muscarinic signalling was inhibited to the same 
degree as angiotensin signalling (fig. 5a). Heparin 
microinjection into the oocyte inhibited responses to 
Mch by 93% compared with controls (fig. 58). In 
contrast, microinjected water had no effect on either 
muscarinic or angiotensin signalling (data not 
shown). As the oocyte expresses only a single isoform 
of phospholipase C, coupling receptor activation to 
intracellular Ca” release,” our findings indicate that 
the muscarinic and AT,, signalling pathways are 
identical downstream of the G protein (compare 
fig. la). 


SITE OF ACTION: VOLATILE ANAESTHETICS HAD NO EFFECT 
ON ANGIOTENSIN SIGNALLING 


As muscarinic and angiotensin signalling use the 
same intracellular second messenger pathways, we 
investigated the effect of desflurane, isoflurane and 
sevoflurane on AT,, receptor function. In contrast 
with their variable effects on mi and m3 signalling, 
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Figure5 Heparin blocks muscarinic and angiotensin signalling. 
A: Top: Response of a control oocyte to Mch 10” mol litre’ (1.4 
uC), and lack of response after microinjection (30 min prior) of 
heparin 120 ng m a 60-nl volume. Bottom: Angiotensin Il (ATID 
signalling is similarly inhibited by prior microinjection of heparin. 
B Mch-induced Icy 18 blocked by heparin micromjection 30 min 
prior to agonist application. + and — refer to oocytes injected and 
not injected with heparin, respectively (average control response 
1.6 pC; number of oocytes tested in parentheses) (P<0.001 (r 
test). c: Desflurane, sevoflurane [S] and isoflurane [I], in common 
with halothane,” had no effect on angiotensin II signalling. 


the anaesthetics used had no effect on AT, sig- 
nalling, even at high concentrations (fig. 5c). Similar 
results were reported for halothane.” These results 
indicate that the actions of these anaesthetics on m1 
and m3 signalling are not mediated by effects on the 
intracellular pathways, as these are shared by mus- 
carinic and angiotensin receptors. 


SITE OF ACTION: VOLATILE ANAESTHETICS HAD NO EFFECT 
ON IP,-INDUCED CL CURRENTS 


To elucidate further the site of action of volatile 
anaesthetics on muscarinic signalling, we determined 
the effect of the anaesthetics on currents induced by 
microinjected IP, (50 nl of 2 mmol litre", yielding 
approximately 100 pmol litre’ intracellularly). IP,- 
induced Cl currents resembled the responses 
induced by receptor activation (fig. 6a). In contrast, 
microinjected water was ineffective (fig. 6B). 
Desflurane, even at high concentrations, had no 
effect on IP,-induced currents, indicating that this 
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Figure6 Inositoltrisphospate (IP,) signalling is not inhibited by 
high concentrations of desflurane. a: Left: 50 nl of IP, injected 
(final intracellular concentration 100 pmol litre”) induced an Iocs 
resembling responses generated by Mch or AT (compare fig. IB, 
1c). Right: Desflurane 0.92 mmol litre” had no effect on the 
oocyte response to IP,. R: Desflurane 0.46 and 0.92 mmol litre” 
had no effect on Ia, generated by intracellular IP, injection 
(average control response 1.3 yC; number of oocytes tested in 
parentheses). Injection of vehicle (FLO) into the oocyte did not 
induce currents. 


agent affects the signalling pathway before interac- 
tion between IP, and its receptor (fig. 68). Similarly, 
we have shown that halothane, isoflurane and 
sevoflurane have no effect on intracellular IP, 
signalling or signalling induced by direct G-protein 
activation with GTPyS.” 


REVERSIBILITY OF ANAESTHETIC ACTION 


To complete this investigation, we determined the 
reversibility of anaesthetic inhibition of muscarinic 
signalling. Data are presented in figure 7. In all cases, 
anaesthetic inhibition was reversible on wash-out. 


Discussion 


Muscarinic signalling by m1 and m3 receptors was 
inhibited in a differential manner by the volatile 
anaesthetics studied. Halothane and sevoflurane, in 
clinically relevant concentrations, inhibited mus- 
carinic signalling, with the m1 receptor displaying a 
higher sensitivity than the m3 receptor. Isoflurane 
had no effect on ml muscarinic signalling, even at 
concentrations which would be anticipated to disrupt 
membrane structure,” but significantly inhibited m3 
signalling. Desflurane showed a biphasic effect on 
both receptors. 

Differences in effect between desflurane and 
isoflurane are remarkable, as the two compounds dif- 
fer only in a single halogen atom: a chlorine atom in 
isoflurane is replaced by a fluorine atom in desflu- 
rane. Thus minor changes in chemical structure can 
induce significant pharmacological effects. 

The biphasic action of desflurane on muscarinic 
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Figure 7 Reversibility of anaesthetic actions on muscarinic 
receptor signalling. a: Tyc mduced by Mch 10° mol litre” to 
determine reversibility of mhibition of volatile anaesthetics on m1 
muscarinic acetylcholine receptor signalling. The first bar 
represents control measurements (4.83 (0.86) pC) and the second 
bar shows the inhibitory effect of the volatile anaesthetic tested 
(2.5% halothane, 3.3% 1soflurane, 5% sevoflurane and 18% 
desflurane). Iwc, was reduced to 14% (0.7 (0.15) pC), 96.6% 
(4.64 (1.45) uC), 28.15% (1.36 (0.78) uC) and 24% (1.16 (0.27) 
pC) by halothane, isoflurane, sevoflurane and desflurane, 
respectively. The third bar shows recovery after 10 min of 
perfusion with Tyrode’s solution without anaesthetic (*P<0.05, 

t test). B: Lacy induced by Mch 10~ mol litre” to determine 
reversibility of inhibition of volaule anaesthetics on m3 muscarinic 
acetylcholine receptor signalling. Three consecutive 
measurements were made in different oocytes. The first bar 
represents control measurements (15 2 (0.67) C) and the second 
bar shows the inhibitory effect of the volatile anaesthetic tested 
(2.5% halothane, 3.3% isoflurane, 5% sevoflurane, 18% 
desflurane). Foxo, Was reduced to 22% (3.43 (2.25) pC), 6.5% 
(0.93 (0.33) pC), 25% (3.8 (1.55) pC) and 37% (5.58 (1.88) uC) 
by halothane, isoflurane, sevoflurane and desflurane, respectively. 
The third bar shows recovery after 10 min of perfusion with 
Tyrode’s solution without anaesthetic (*P<0.05, £ test). 


signalling is unusual, although not unprecedented. 
Ryanodine” and adenosine” are known to act simi- 
larly in various models. Our study was not designed 
to determine the molecular mechanism of this bipha- 
sic action. However, we could rule out interactions 
with the intracellular signalling pathway, as none of 
the anaesthetics had effects on both AT and IP, sig- 
nalling. Hence the site of action is most likely at the 
muscarinic receptor or (possibly) the associated G 
protein. Biphasic responses are explained most easily 
by the existence of two different binding sites at the 
receptor with different affinities and different agonis- 
tic-antagonistic effects when occupied. Mutagenesis 
studies may be able to delineate such various binding 
sites on the muscarinic receptor. 

Our findings should be interpreted in view of the 
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artificial environment in which the receptors were 
expressed. However, muscarinic and angiotensin 
receptors have been expressed frequently in the 
Xenopus oocyte model system, both by ourselves” “ 
and others,“ and it is well established that they 
function similarly in oocytes as they do in native 
cells. Although the receptors are expressed at a lower 
temperature than they are normally exposed to, this 
has not been shown to result in significant changes in 
kinetics or function. 

Any attempt to correlate our findings to observed 
clinical effects of anaesthetics is arduous, as conclu- 
sions drawn from several receptor subtypes cannot be 
transferred to a complex orgenism and its response to 
anaesthesia. Although most clinical and experimental 
data comparing isoflurane and desflurane show a con- 
gruence in their CNS”” and circulatory effects,” 
some unexplained differences exist. Desflurane is 
known to exhibit less negative inotropic activity and to 
induce smaller decreases in arterial pressure.” When 
heart rate, mean arterial pressure and sympathetic 
nerve activity were compared after 10.9% desflurane 
anaesthesia 2 min after induction in humans, all vari- 
ables were enhanced significantly compared with 
isoflurane’; after more prolonged anaesthesia there 
were no differences between the anaesthetics. This ini- 
tial period of excitation, when anaesthetic concentra- 
tions are relatively low, could result potentially from 
interactions with muscarinic signalling pathways. It 
would be of great interest to study the interactions 
between desflurane and adrerergic receptor function- 
ing, as excitatory effects of desflurane directly on the 
B-adrenergic receptor or on presynaptic ganglia might 
also explain its excitatory effects. 

CNS muscarinic stimulation raises the level of 
consciousness and improves learning.’ It is interest- 
ing to speculate if stimulation of m1 signalling (the 
most prominent cerebral muscarinic subtype) by low 
desflurane concentrations might contribute to the 
rapid mental recovery observed with the anaes- 
thetic.” If so, this might be of particular importance 
in elderly patients with limited CNS muscarinic 
signalling reserve (e.g. patients with Alzheimer’s 
disease). The prominence of the m3 subtype in 
bronchial smooth muscle“ and glands’ could explain 
in part the irritating effect of desflurane during 
induction and emergence from anaesthesia, when 
anaesthetic concentrations are relatively low. 

In brief, we have demonstrated that desflurane had 
a concentration-dependent biphasic effect on m1 
and m3 muscarinic receptor functioning, whereas 
isoflurane had no effect on m1 signalling but pro- 
nounced effects on m3 signalling. We have also 
shown that halothane and sevoflurane inhibited m1 
and m3 signalling in a dose-dependent manner. This 
action is most likely localized at the receptor level, as 
the anaesthetics did not influence intracellular sig- 
nalling pathways. In addition, the anaesthetics had 
no effect on angiotensin signalling. In combination 
with our findings that halothane inhibits m1 sig- 
nalling in a concentration-dependent manner,” these 
results show that different volatile anaesthetics affect 
ml and m3 muscarinic signalling in highly divergent 
ways, and that small changes in chemical structure of 
the volatile anaesthetic or the receptor can signifi- 
cantly affect anaesthetic—protein interactions. 
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Effects of isoflurane on receptor-operated Ca” channels in rat aortic 


smooth muscle 


S. Hata, T. ENoxi, R. Krramura, V. H. Vna, K. NAKAMURA AND K. Mori 


Summary 

We have investigated the effects of isoflurane on 
receptor-operated Ca” channels (ROC) in vascu- 
lar smooth muscle. In isolated rat thoracic aortic 
rings denuded of endothelium, the effects of 
isoflurane on phenylephrine-induced contrac- 
tion and Ca” influx were evaluated in the pres- 
ence of supramaximal doses of nifedipine or 
verapamil. Under isometric tension recording, 
the aortic rings were precontracted by phenyl- 
ephrine 300 nmol litre’ and exposed to 1.2%, 
2.3% or 3.5% isoflurane. Phenylephrine-induced 
precontraction was enhanced with 2.3% isoflu- 
rane by mean 8.1 (sp 9.3) % (P<0.05 vs 0% isoflu- 
rane). The constrictor effect of 2.3% isoflurane 
was not inhibited by depletion of intracellular 
Ca” stores with ryanodine 20 pmol litre’, but 
was abolished in a Ca”-free solution or by SK&F 
96365 30 umo! litre’, an ROC blocker. Isoflurane- 
induced contraction was accompanied by 
increased intracellular free Ca” concentration, 
monitored using fura PES. Unidirectional “Ca” 
influx measurement in phenylephrine-stimu- 
lated aortic strips revealed that the mean 
amount of Ca” influx was significantly (P<0.05) 
enhanced by 1.2% and 2.3% isoflurane, which 
were 117.1% and 119.7% of control values, 
respectively. Our results strongly suggest that 
isoflurane enhanced Ca” influx through ROC 
that had been submaximally activated by 
phenylephrine. (Br J. Anaesth. 1998; 81: 
578-583). 


Keywords: anaesthetics volatile, isoflurane, sympathetic 
nervous system, phenylephrine; fons, calcium; ions, ton 
channels; muscle vascular pharmacology; rat 


Halogenated volatile anaesthetics, including 
halothane, enflurane and isoffurane, modulate vascu- 
lar contractility via a variety of mechanisms. These 
anaesthetics have been suggested to reduce Ca” 
influx into vascular smooth muscle cells’ because 
electrophysiological studies have shown that they 
suppress the activity of voltage-operated Ca” chan- 
nels. ™ However, little information is available on the 
effect of anaesthetics on receptor-operated Ca” 
channels (ROC), the other pathways of Ca” influx. 
The presence of ROC was first postulated in a 
review by Bolton,‘ who described them as voltage- 
insensitive Ca™-conducting channels in smooth 
muscle cells activated by receptor agonists such 
as norepinephrine (noradrenaline), acetyicholine or 


prostaglandins. It has also been shown that ROC are 
resistant to blockers of voltage-operated Ca” chan- 
nels (VOC) such as nifedipine, verapamil or D600.” 
Although their electrophysiological properties and 
molecular structures are not yet established, it is 
clear that they are important pathways of Ca” influx 
in addition to VOC" and hence may play a key role 
in physiological vascular contraction. 

Therefore, we attempted to elucidate the effect of 
isoflurane on ROC in vascular smooth muscle. Rat 
thoracic aorta was denuded of endothelium to elimi- 
nate its effect on smooth muscle contractility and pre- 
treated with supramaximal doses of VOC blockers to 
exclude the effect of VOC which are sensitive to 
anaesthetics. Rings were stimulated with a submaxi- 
mal dose of phenylephrine, an adrenergic a, receptor 
agonist to activate smooth muscle cell ROC. In this 
preparation, we estimated the effects of isoflurane by 
recording tension and intracellular free Ca” concen- 
tration ([Ca™]) and by measuring unidirectional Ca” 
influx using “Ca. We suggest that isoflurane 
enhances Ca” influx through ROC. 


Materials and methods 


TISSUE PREPARATION 


The study was approved by the Kyoto University 
Animal Use Committee. Male Wistar rats (250-350 g) 
were anaesthetized with pentobarbital (pentobarbi- 
tone) 50 mg kg“ i.p. and killed by exsanguination. 
The descending part of the thoracic aorta was iso- 
lated and cut into rings, 5-6 mm for tension record- 
ing, 2 mm for [Ca”], monitoring and 7-9 mm for 
“Ca”™ influx measurement. The endothelium was 
removed by rotating the rings around a rough sur- 
faced needle. In tension experiments, endothelial 
denudation was confirmed by the inability of acetyl- 
choline 10 pmol litre’ to cause relaxation in rings 
precontracted by KC! 30 mmol litre”. 


ISOMETRIC TENSION RECORDING 


The aortic rings were mounted vertically in organ 
baths (37°C) containing 10 ml of Krebs-Ringer solu- 
tion (KRS) aerated with a 95% oxygen—-5% carbon 
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dioxide gas mixture. Isometric tension was recorded 
with a force displacement transducer (San-ei, Tokyo, 
Japan). The rings were allowed to equilibrate for 60 
min under a resting tension of 3 g, followed by con- 
traction induced by adding KCI 30 mmol litre” and 
an acetylcholine test (10 umol litre). Thereafter, the 
rings were incubated for 10 min in KRS containing 
nifedipine 10 pmol litre”, which is supramaximal for 
blocking VOC in rat aortic smooth muscle cells.’ In 
our preliminary study, this dose was sufficient to 
abolish completely KCl (30 mmol litre”)-induced 
contraction. Submaximal contraction was then 
induced by adding phenylephrine 300 nmol litre” 
into the bath. When precontraction by phenylephrine 
was stabilized (15-20 min after addition), isoflurane 
vaporized with an Isotec3 (Ohmeda, England) was 
introduced to the 95% oxygen-5% carbon dioxide 
gas mixture supplied to the bath and maintained for 
15 min. The concentration of isoflurane in the gas was 
monitored with an Atom 303 anaesthetic agent moni- 
tor (Atom, Tokyo, Japan) and adjusted to either 0% 
(control), 1.2%, 2.3% or 3.5%, which are the 0, 1, 2 
and 3 minimum alveolar concentrations (MAC) in 
humans,” respectively. We used MAC for humans as 
an arbitrary unit of concentration of isoflurane. MAC 
for isoflurane in rats determined in a previous study 
was 1.27.” In our previous study,” a concentration of 
2.3% isoflurane in the bath solution was assayed by 
gas chromatography and reached a stable level at 
mean 0.56 (sem 0.00) mmol litre’ (n=3) within 3-5 
min after introduction to the gas line. The increase in 
tension induced by phenylephrine just before intro- 
` duction of isoflurane was taken as 100%, and the 
effect of isoflurane was expressed as change in tension 
10 min after introduction of isoflurane in each ring. 

In some rings, experimental conditions were modi- 
fied to control Ca” movements in smooth muscle. To 
deplete intracellular Ca” stores, we used ryanodine, 
a plant alkaloid that locks the Ca”-induced Ca”- 
release channel of sarcoplasmic reticulum in an open 
state, causing depletion of caffeine-sensitive Ca”* 
stores.” While norepinephrine-sensitive Ca” stores 
may contain ryanodine-insensitive portions in other 
cell types,” in the rat aorta it has been shown to be 
depleted also by ryanodine.’ Thus this treatment 
should lead to complete or near complete depletion 
of intracellular Ca” stores. Nifedipine-treated rings 
were exposed to ryanodine 20 pmol litre” and then 
to caffeine 25 mmol litre’. After transient 
caffeine-induced contractions terminated, caffeine 
was removed by replacing the bath solution with 
KRS containing ryanodine 20 pmol litre’ and 
nifedipine 10 pmol litre’. After 5-10 min, the rings 
were precontracted with phenylephrine 300 nmol 
litre’ and exposed to 0% (control) or 2.3% isofiu- 
rane. In other experiments, Ca” influx was excluded 
either by removing extracellular Ca” or by using an 
ROC blocker. To remove extracellular Ca”, the rings 
were incubated for 10 min in Ca**-free KRS contain- 
ing EGTA 1 mmol litre’ and nifedipine 10 pmol 
litre’, precontracted with phenylephrine 300 nmol 
litre”, and 10 min later, exposed to 2.3% isoflurane. 
To block ROC, SK&F 96365 30 pmol litre”, an ROC 
blocker in vascular smooth muscles,” ’” was included 
in the bath solution during the pretreatment period 
with nifedipine, followed by application of phenyl- 
ephrine and isoflurane as above. 
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SIMULTANEOUS TENSION RECORDING AND [ca], 
MONITORING 


To monitor [Ca”],, we used a Ca’’-sensitive fluores- 
cent dye, fura PE3, a derivative of fura 2 with a lower 
rate of leak from inside the cell.” The rings were 
bathed in KRS containing fura PE3-AM 1 umol 
litre’, a cell-permeant acetoxymethyl ester of fura 
PE3, and 0.02% vol/vol Cremophor EL, a non-cyto- 
toxic detergent, for 4-6 h at 25°C. After rinsing, the 
rings were mounted horizontally in an organ bath 
(37°C) containing KRS 7 ml aerated with a 95% oxy- 
gen—5% carbon dioxide gas mixture. Isometric ten- 
sion was recorded with a  force-displacement 
transducer (San-ei, Tokyo, Japan) and fluorescence 
intensity was monitored using a dual wavelength fluo- 
rometer (CAF-110, Japan Spectroscopic, Tokyo, 
Japan) as described previously. * The rings were 
illuminated alternately with excitation light at wave- 
lengths of 340 nm and 380 nm. The fluorescence 
emitted was detected through a 500-nm bandpass 
filter. Fluorescence intensities at 340 nm (F,,,) and 
380 nm (F,,,) excitation corresponded to the amount 
of Ca’*-bound fura PE3 and Ca”-free fura PE3, 
respectively. Therefore, the F,,,/F,,, ratio was used as 
an indicator of [Ca”],. The rings were allowed to 
equilibrate for 60 min under a resting tension of 1 g, 
followed by contraction induced by KCI 30 mmol 
litre’ and an acetylcholine test (10 pmol litre’). The 
rings were then incubated for 10 min in KRS con- 
taining verapamil 10 pmol litre” which was a supra- 
maximal dose for blocking VOC in rat aorta in a 
previous “Ca” influx study” in addition to our previ- 
ous KCl-contraction study. Verapamil was used in 
this experiment because nifedipine interfered with 
the excitation light for fura PE3. The rings were then 
precontracted with phenylephrine 300 nmol htre™. 
After 10 min, 2.3% isoflurane was introduced and 
maintained for 15 min. Isoflurane was vaporized and 
delivered as described above. The increase in tension 
and F,,,/F,,, ratio induced by phenylephrine just 
before introduction of isoflurane were taken as 
100%, and the effects of isoflurane were expressed as 
percentage change in tension and F,,,/F,,, value, 10 
min after introduction of isoflurane. 


Soa” INFLUX MEASUREMENT 


For measuring unidirectional Ca” influx, we per- 
formed experiments according to a method 
described previously.” The aortic rings were cut open 
into strips and bathed in HEPES-buffered saline 
solution (HBS) bubbled with air for 60 min at 37°C. 
The strips were then incubated for 30 min at 37°C in 
HBS containing nifedipine 10 mol litre” and trans- 
ferred into a vial filled with 4 ml of HBS containing 
“Ca™* 1 uCi ml’, nifedipine 10 pmol litre’ and 
phenylephrine 300 nmol litre”. Isoflurane, vaporized 
and adjusted to 0% (control), 1.2%, 2.3% or 3.5%, 
as described above, had been delivered to the air sup- 
plied to the vial for at least 15 min before the strips 
were transferred into the vial. The strips were 
exposed to “Ca”*-labelled HBS for 5 min at 37°C 
during maintained delivery of isoflurane with air. The 
amount of “Ca” taken into the tissue during such a 
short period can be assumed to be a result of Ca” 
influx, and back flow of “Ca” out of the cell can be 
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regarded as negligible.” At the end of exposure to 
“Ca”, the strips were bathed for 50 min in ice-cold 
Ca” -free HBS containing EGTA 2 mmol litre’ to 
remove extracellular “Ca”. The strips were then 
blotted, weighed and incubated overnight in 1.5 ml 
of EDTA 5 mmol litre’ at room temperature. 
Finally, a 3-ml scintillation cocktail (Scintisol EX-H, 
Dojindo, Kumamoto, Japan) was added and 
analysed for “Ca” using a liquid scintillation 
counter. Data were expressed as amount of Ca” 
influx (umol) per kg aorta (wet weight). As a control 
experiment, the strips were exposed to 
“Ca’*-labelled HBS without phenylephrine for each 
concentration of isoflurane. 


SOLUTIONS AND DRUGS 


The Krebs—Ringer solution had the following com- 
position (mmol litre”): NaCl 120, KCl 5.0, CaCl, 
2.0, MgCl, 1.0, NaHCO, 25.0 and glucose 5.5; pH 
of the solution was 7.3 when the solution was aerated 
with a 95% oxygen-5% carbon dioxide gas mixture. 
The HBS solution had the following composition 
(mmol litre”): NaCl 140, KCI 5.0, CaCl, 2.0, MgCl, 
1.0, glucose 5.5, HEPES 5.0; pH adjusted to 7.3 
with NaOH. The solution was air-bubbled through- 
out the experiments. The drugs used were isoflurane 
(Dainabot, Tokyo, Japan), fura PE3-AM (Dojindo, 
Kumamoto, Japan), Cremophor EL, phenylephrine 
and nifedipine (Sigma), acetylcholine (Daiichi 
Pharmaceutical Co., Tokyo, Japan), pentobarbital, 
verapamil, EGTA (ethylene glycol bis-N,N,N’,N’- 
tetraacetic acid), EDTA (ethylenediaminetetraacetic 
acid), caffeine (Nacalai Tesque, Kyoto, Japan), ryan- 
odine (Wako Pure Chemical Industries, Osaka, 
Japan) and SK&F 96365 (BIOMOL, PA, USA). 


STATISTICAL ANALYSIS 


All data are presented as meen (SD); n represents the 
number of rings examined in each group. Rings from 
an animal were assigned to different groups, and 
therefore each group did not contain rings from the 
same animal. When single doses (2.3%) were tested, 
the effects of isoflurane were compared with control 
(0%) using Student’s z test. When multiple doses of 
isoflurane were tested, data were analysed by 
one-way factorial ANOVA. If the F test indicated sig- 
nificance (P<0.05), the effect of each dose of isoflu- 
rane was compared with control using Fisher’s 
PLSD test for post hoc comparison. Differences at 
P<0.05 were considered significant. 


Results 


EFFECT OF ISOFLURANE ON PHENYLEPHRINE-INDUCED 
CONTRACTION 


Phenylephrine induced sustained contraction (0.93 
(0.44) g, n=48) which was not different between 
groups for each concentration of isoflurane. After 
administration of 1.2% or 2.3% isoflurane, an addi- 
tional contraction developed slowly, which was sus- 
tained during isoflurane delivery and disappeared 
after its termination (fig. 1a, B). However, contrac- 
tion induced by 3.5% isoflurane was transient 
and was followed by relaxation to a varying extent 
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Figure 1 Tension changes in rat aortic rings during exposure to 
isoflurane after treatment with nifedipine 10 pmol litre’ and 
phenylephrine 300 nmol litre’. Typical recordings with 1.2% (a), 
2.3% (B) and 3.5% (c) 1soflurane (Iso) are shown. Isoflurane 
(1.2% and 2.3%) increased contraction during delivery of 
isoflurane and contraction disappeared after its termination (A, B). 
Contraction induced by 3.5% isoflurane was transient and 
followed by relaxation (c). The effects of 10 min exposure to 
ssoflurane on tension (D), with the increase in tension induced by 
phenylephrine taken as 100% is also shown. Isoflurane 2.3% 
elicited a significantly larger contraction (*P<0.05) than control. 


(fig. 1c). At 10 min after administration of 2.3% 
isoflurane, a maximal contraction was elicited (8.1 
(9.3) %, n=12), which was significantly larger 
(P<0.05) than that in controls (—2.4 (6.8) %, n=12). 
Contraction by isoflurane was not linearly dose- 
related because contraction with 3.5% isoflurane was 
smaller than that with 2.3% (fig. 1p). In the following 
experiments, the effects of isoflurane were examined 
at 2.3% which elicited the maximal response. 

When rings were treated with ryanodine combined 
with caffeine, a slow increase in tension was observed 
(fig. 2), which may have been caused by liberation of 
Ca” from sarcoplasmic reticulum’ or enhanced 
Ca” influx.“ Phenylephrine induced further contrac- 
tion of the ring (0.18 (0.06) g, n=14), which was not 
different between control rings and rings treated with 
2.3% isoflurane (fig. 2). Contraction produced by 
phenylephrine in such circumstances should be 
mediated by influx of Ca”, not by Ca” release.“ The 
change in tension induced by 2.3% isoflurane was 
13.8 (23.9) % (n=7), which was significantly larger 
(P<0.01) than that in controls (—24.0 (21.6) %, 
n=7). 

In Ca”*-free KRS containing EGTA 1 mmol litre", 
phenylephrine-induced contraction was small and 
only transient, returning to resting tension within 
5-7 min (fig. 3a). Subsequent exposure to 2.3% 
isoflurane for 10 min did not change the tension in 
any ring examined (m=8) (fig. 3a). In the presence of 
the ROC blocker SK&F 96365, phenylephrine- 
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Figure 2 A typical recording of tension changes in rat aortic rings 
during exposure to 2.3% isoflurane (Iso) after treatment with 
ryanodine 20 pmol litre and caffeine (c) 25 mmol htre™ in the 
presence of nifedipine 10 pmol litre’ and phenylephrine 300 nmol 
litre". Isoflurane 2.3% enhanced phenylephrine-induced 
contraction. 
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Figure 3 Typical recordings of tension changes in rat aortic rings 
during exposure to 2.3% isoflurane (Iso) in Ca™-free KRS 
containing EGTA 1 mmol litre" (a) and an SK&F 96365- 
containing solution (B). In both solutions, phenylephrine-induced 
contraction was only transient and the constrictor effect of 2.3% . 
isoflurane was abolished. 








induced contraction was similar to that in Ca’*-free 
solution, that is reduced in size and transient (fig. 38). 
Again, 2.3% isoflurane did not elicit contraction in 
any ring examined (n=5) (fig. 38). 


EFFECT OF ISOFLURANE ON [CA”’], 


Phenylephrine elicited a sustained contraction 
together with an increase in [Ca”], as evaluated by 
the F,,/F,,, value for fura PE3. Isoflurane 2.3% 
enhanced both tension and [Ca™], responses to 
phenylephrine (fig. 4). The time courses of [Ca”’], 
during exposure to isoflurane were similar to those of 
contraction; sustained and reversible. Ten minutes 
after introduction, 2.3% isoflurane increased tension 
by 25.3 (13.2) % (n=6), which was significantly 
larger (P<0.05) than the increase in the control 
group (7.11 (8.0) %, n=9). In addition, the F,,,/F,,, 
ratio was increased with isoflurane by 34.9 (32.7) % 
(n=6), which was significantly larger (P<0.05) than 
that in the control (—6.1' (11.2) %, n=9). 


EFFECT OF ISOFLURANE ON UNIDIRECTIONAL CA” INFLUX 
In the control group (0% isoflurane), phenylephrine- 
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Figure 4 A typical recording of tension changes (top) and 

F, Fs ratio (bottom) ın rat aortic rings during exposure to 2 3% 
isofturane (Iso) after treatment with verapamil 10 pmol litre’ and 
phenylephrine 300 nmol litre". Isoflurane 2.3% enhanced both 
tension and F,,/F,,, ratio . 
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Figure 5 Modulation of Ca” influx by isoflurane in the presence 
of nifedipine 10 pmol litre’ (#=15 each) after treatment with 
(solid bars) and without (control) (open bars) phenylephrine 300 
nmol litre”. Isoflurane 1.2% and 2.3% significantly enhanced Ca” 
influx compared with control in phenylephrine-stimulated strips. 
Isoflurane 3.5% did not further enhance Ca” influx compared 
with 0% isoflurane. *P<0.05 compared with values without 
isoflurane; + P<0.01 compared with each value without 
phenylephrine. 


stimulated strips showed significantly larger Ca” 
influx than strips not stimulated with phenylephrine 
(P<0.01) (fig. 5). In phenylephrine-stimulated 
groups, Ca” influx in groups exposed to 1.2% and 
2.3% isoflurane were larger than in controls 
(P<0.05) (fig. 5). Increasing the concentration of 
isoflurane to 3.5% did not enhance Ca” influx further. 
In strips not stimulated with phenylephrine, isoflu- 
rane had no significant effect on Ca” influx at any 
concentration. 


Discussion 


In this study, rat aortic rings were denuded of 
endothelium and exposed to supramaximal doses of 
VOC blockers, nifedipine or verapamil, throughout 
the experiments. In these rings, submaximal stimula- 
tion of the a, receptor by phenylephrine caused 
sustained contraction and an increase in [Ca”’].. Iso- 
flurane 2.3% enhanced these phenylephrine-induced 
responses. The constrictor effects of isoflurane were 
not abolished by Ca” store depletion caused by ryan- 
odine and caffeine, but were abolished by removal of 
extracellular Ca™* and by SK&F 96365. These results 
suggest that the constrictor effects were not a result 
of Ca” release from intracellular stores, but influx of 
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extracellular Ca” through channels which are resis- 
tant to nifedipine and verapamil and sensitive to 
SK&F 96365. However, uncertainty remained in 
these experiments. Immersion of rings in Ca”-free 
solution may reduce intracellular Ca” stores” and 
may disturb the possible action of isoflurane in 
releasing intracellularly stored Ca. Moreover, in 
both Ca”-removal and SK&F 96365 experiments, 
tension after transient precontraction by phenyl- 
ephrine was near the resting level and the effects of 
subsequent administration of isoflurane may not 
have been evaluated correctly. Therefore, we per- 
formed “Ca” influx meastrements to evaluate net 
Ca” movement through the cell membrane. The 
results revealed that 1.2% and 2.3% isoflurane signif- 
icantly enhanced Ca” influx in phenylephrine- 
stimulated strips. The amount of Ca” influx was 
enhanced by 19.7% at 2.3% isoflurane, which may 
be enough to account for isoflurane-induced con- 
traction. These results indicate that isoflurane 
enhanced Ca” influx threugh ROC which were 
activated by phenylephrine. 

In the literature, release of stored Ca” has been the 
most commonly suggested mechanism for volatile 
anaesthetic-induced, endothelium-independent 
vasoconstriction. “””“ Indeed, in verapamil-exposed 
rat” and rabbit” aortae, enhancement of norepi- 
nephrine-induced contracticn by isoflurane has been 
demonstrated and ascribed to isoflurane-induced 
Ca” release. However, Ca” release induced by 
isoflurane has been shown to be much smaller than 
that induced by halothane or enflurane”” or even 
undetectable.“ Ryanodine, which effectively 
blocked anaesthetic-induced Ca” release in previous 
studies, *”™ failed to inhibit isoflurane-induced con- 
traction in our study, suggesting that contraction was 
not dependent on intracellular Ca” stores. It does 
not necessarily exclude the possibility of a minor 
contribution of Ca” release evoked by isoflurane. 
However, as contraction was undetectable in Ca’’- 
free and SK&F 96365-containing solutions, it can be 
suggested that Ca” release by isoflurane is small, if 
present. In addition, it is unlikely that Ca” release by 
isoflurane itself stimulated Ca” influx to replete 
stores, which has been suggested in airway smooth 
muscle for halothane.” If this mechanism were 
prominent, isoflurane should have significantly 
increased Ca” influx even without phenylephrine in 
“Ca™ experiments and the presence of phenyl- 
ephrine would not have enhanced this process. 

Previous studies using an established cell line of rat 
aortic smooth muscle cells (A7r5) failed to show 
activation of receptor-mediated Ca™ influx by 
volatile anaesthetics.” ™ In these studies, VOC block- 
ers were not used, assuming that VOC did not con- 
tribute to receptor-mediated Ca” influx in the A7r5 
cell. However, because the A7r5 cell has a dihydropy- 
ridine-sensitive VOC,” it is possible that the activity 
of VOC may have modulated Ca” influx in these 
studies. In contrast, Iaizzo” and Akata and Boyle” 
have suggested that isoflurane or halothane induce 
Ca” influx in A10 smooth muscle cell and rat mesen- 
teric artery, respectively. However, as these studies 
were not designed to study Ca” influx, direct evi- 
dence of increased Ca” influx and characterization 
of the influx pathway are lacking. Thus our study is 
the first to provide direct evidence for stimulation of 
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Ca” influx by volatile anaesthetics in vascular 
smooth muscle. 

Several Ca” influx pathways consistent with the 
definition of ROC by Bolton‘ have been demon- 
strated in vascular smooth muscle; receptor-operated 
Ca” channel linked directly to ATP receptors in rabbit 
ear artery,” Ca’-permeable non-selective cation 
channels activated by norepinephrine” or endothe- 
lin-1* and Ca” influx activated by depletion of 
intracellular Ca” stores” which is often called 
“capacitative Ca” entry”. Recently, at least two dif- 
ferent Ca™ influx pathways were demonstrated in 
ATr5 cells, one of which may depend on the capacita- 
tive mechanism.” In this study, we could not define 
the pathway activated by isoflurane as selective 
blockers to differentiate these pathways are not yet 
available. Electrophysiological studies using a patch- 
clamp technique are necessary for further analysis of 
the isoflurane-activated channel. 

In both tension recording and “Ca” influx experi- 
ments, the effects of isoflurane were not linearly con- 
centration-dependent, showing maximal effects at a 
concentration of 2.3%. Without phenylephrine, 
isoflurane itself could not induce significant Ca” 
influx in the “Ca” influx experiments. In addition, in 
our preliminary tension recording experiment, 
isoflurane did not induce contraction if the rings 
were not precontracted with phenylephrine (data not 
shown). These results suggest that isoflurane alone 
cannot activate Ca” influx sufficiently to induce con- 
traction but can enhance Ca” influx that has been 
activated by phenylephrine. Further characterization 
of the isoflurane-activated channel would help to 
explain these properties of isoflurane. 

In summary, this study strongly suggests that 
isoflurane enhanced stimulation of ROC by phenyl- 
ephrine in rat aorta. This is a novel finding that could 
contribute to the understanding of regulation of vas- 
cular contractility caused by volatile anaesthetic. It is 
possible that this effect counteracts other vasodilat- 
ing mechanisms of isoflurane, contributing to main- 
tenance of vascular tone during anaesthesia. 
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Antioxidant effects of propofol in human hepatic microsomes: 
concentration effects and clinical relevance 


Y.-P. Bao, G. WILLIAMSON, D. Tew, G.W. PLUMB, N. LAMBERT, J. G. JONES AND D. K. MENON 


Summary 

Propofol is known to possess antioxidant prop- 
erties. There is controversy regarding the mech- 
anisms by which the drug produces its 
antioxidant effects and the significance of these 
effects in relation to plasma concentrations of 
propofol in clinical practice. We studied the 
effects of increasing concentrations of Intralipid, 
propofol, butylated hydroxytoluene (BHT) and a 
vitamin E analogue {(Trolcx C) in 0.9% saline on 
non-enzymic and enzymic lipid peroxidation in 
human hepatic microsomes, and on concentra- 
tions of antioxidant enzymes in a Hep G2 cell 
line. Propofol showed significant inhibition of 
lipid peroxidation, but was less potent than BHT 
or Trolox C. IC,, values for non-enzymic and 
enzymic lipid peroxidation were mean 9.47 (sp 
0.86) and 7.39 (0.84) umol litre’ for propofol, 
1.30 (0.57) and 0.32 (0.02) umol litre’ for BHT 
and 2.34 (0.68) and 0.35 (0.04) pmol litre” for 
Trolox C, respectively. The antioxidant activities 
of propofol were substantially retained in the 
presence of up to 30 g litre’ of human serum 
albumin. Propofol at concentrations of up to 100 
umol litre’ had no significant effect on the activi- 
ties of antioxidant enzymas. Clinically relevant 
concentrations of propofol produced significant 
inhibition of both enzymic and non-enzymic lipid 
peroxidation in hepatic microsomal! prepara- 
tions, possibly as a result of accumulation in 
lipophilic environments. Measurement of 
antioxidant effects of drugs in aqueous media 
may have little relevance to their effects in pro- 
tecting against lipid peroxidation in biological 
systems. (Br. J. Anaesth. 1998; 81: 584-589). 


Keywords: anaesthetics i.v., propofol; enzymes, glutathione; 
liver, hepatocytes 


Oxidant-mediated injury is thought to play an 
important role in several areas of critical illness, 
including ischaemia reperfusion injury (IRD' and 
secondary neuronal injury after a variety of neuro- 
logical insults. Several studies have demonstrated a 
benefit from the use of novel 21-aminosteroid 
compounds in animal models of focal ischaemia,’* 
global ischaemia” or concussive brain injury.’ ° 
These results support the investigation of other 
antioxidant compounds with potential neuroprotec- 
tive properties. 

Our previous work demonstrated that propofol 
(Diprivan) had antioxidant properties in vitro," and 


was more effective than other i.v. anaesthetic agents 
at reducing the abnormalities in ion fluxes produced 
during cerebral ischaemia in a cat model." We have 
also shown that propofol had acute neuroprotection 
in a rodent model of IRI, to an extent that cannot be 
accounted for by reduction of cerebral oxygen use.” 
The possibility that these neuroprotective effects of 
propofol are caused by its antioxidant properties is 
supported by the increased resistance to oxidant 
injury in red blood cells” and in hepatic microsomes 
obtained from rats anaesthetized with propofol.“ 

Confirmation of a clinically useful effect depends 
on demonstration that propofol has antioxidant 
properties at concentrations achieved during clinical 
anaesthesia. In vitro studies that have addressed this 
issue are conflicting. Eriksson, Pollesello and Saris” 
demonstrated that propofol protected rat liver mito- 
chondria against lipid peroxidation and Musacchio 
and colleagues” showed that propofol produced sig- 
nificant protection against lipid peroxidation in rat 
liver mitochondria and microsomes, and in rat brain 
synaptosomes, with median inhibitory concentra- 
tions (IC, of 1.1-26.4 pmol litre’, which is similar 
to the clinical anaesthetic concentration range,” 
whereas IC,, values for the established free radical 
scavenger butylated hydroxytoluene (BHT) were 
1.6-33 umol litre’. However, Green, Bennet and 
Nelson studied the antioxidant effects of propofol in 
an aqueous in vitro system and found little evidence 
of antioxidant activity at concentrations less than 60 
umol litre” in a variety of oxidant reactions." Neither 
of these groups compared propofol with other clini- 
cally relevant naturally occurring antioxidant com- 
pounds such as vitamin E. Aarts and colleagues 
showed that propofol protected a-tocopherol- 
depleted rat hepatic microsomes against oxidant 
damage,” but did not study the effects of BHT, and 
therefore comparison with earlier studies was not 
possible. 

We have studied the antioxidant effects of propofol 
for several reasons. First, we compared the antioxi- 
dant effects of propofol with those of BHT so that 
comparison with previous studies was possible, and 
with Trolox C (the water-soluble analogue of vitamin 
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E) so that we could compare propofol with a clini- 
cally relevant antioxidant compound. Second, we 
compared these compounds in a preparation of 
human liver microsomes to exclude effects that 
might arise from inter-species differences. Finally, we 
wished to delineate specific processes .affected by 
propofol. Consequently, we studied the effects on 
both non-enzymic and enzymic lipid peroxidation, 
and since many redox antioxidants modulate the pro- 
duction of intrinsic antioxidant enzymes” in vivo via 
interaction with an antioxidant responsive element 
(ARE) at transcription sites,” we studied the effect of 
these compounds on antioxidant enzymes in a Hep 
G-2 hepatoma cell line. 


Materials and methods 


Appropriate institutional procedures were followed, 
but formal Ethics Committee approval was not 
required as tissues obtained for these studies were 
from donor liver that would have been discarded at 
the end of a “cut down” procedure at orthotopic liver 
transplantation. 


HUMAN HEPATIC MICROSOME PREPARATION 


Hepatic tissues for microsome preparations were 
from healthy human livers obtained at the time of 
liver transplantation and stored at —70°C. Tissues 
were available as a result of “cut down” procedures 
on large donor organs being transplanted to paedi- 
atric recipients. Data reported are from liver tissues 
obtained from three separate donors. Microsomes 
were prepared freshly by the method of Lambert,” 
using a buffer of BisTris propane 20 mmol litre’ (pH 
7.0)—sucrose 0.25 mol litre’-KCI 0.15 mmol litre”. 
Microsomes were washed with Tris/HCl] 150 mmol 
litre’, pH 8.0, to remove extraneous cytosolic pro- 
teins. The amounts of lactate dehydrogenase and glu- 
tamate dehydrogenase in the samples showed that 
the vesicles were free from cytosolic and mitochon- 
drial contamination, respectively, and the amount of 
acid phosphatase showed that lysosomal contamina- 
tion was minimal.”” All assays were in triplicate, 
performed on microsomes from the same liver, and 
results shown are mean (sD) for each concentration, 
indexed where appropriate to lipid peroxidation in 
the absence of any agent in each series of experi- 
ments. 


DETERMINATION OF PROTEIN CONCENTRATION IN 
MICROSOMAL PREPARATIONS 


Microsomal protein concentrations were determined 
by the bicinchonic acid method,“ using bovine 
serum albumin as standard. 


ASCORBATE-FE(IID-INDUCED PEROXIDATION 


Microsomes (equivalent to 0.4 mg of liver microso- 
mal protein) were suspended in KCI 150 mmol litre” 
containing FeCl, 0.2 mmol litre” (freshly prepared in 
water) and various amounts of test material. 
Peroxidation was initiated by addition of ascorbate 
(to a final concentration of 0.05 mmol litre”), in a 
final volume of 0.4 ml. Samples were incubated at 
37°C for 40 min, and the reactions terminated by 
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addition of 0.8 ml of 20% w/v trichloroacetic 
acid-0.4% thiobarbituric acid-HC1 0.25 mol litre“ 
and 0.01 ml of butylated hydroxytoluene (5%) in 
ethanol. Thiobarbituric acid reactive substances 
(TBARS) were measured after incubation at 80°C 
for 15 min.” The concentration of the indicator reac- 
tion product (malondialdehyde) was measured as the 
optical density at 535 nm, and converted into micro- 
moles using an extinction coefficient of 1.56x10° mol 
litre’ cm”, as described by Wills.” Test substances 
alone showed no significant reaction in the TBARS 
assay. 


NADPH-—IRON-INDUCED PEROXIDATION 


Liver microsomes (equivalent to 0.4 mg of microso- 
mal protein) were suspended in BisTris propane 
buffer 20 mmol litre”, pH 7.0, and the following 
added in sequence to the final concentration indi- 
cated: KCI 150 mmol litre’; ADP 0.8 mmol litre’; 
FeCl, 0.2 mmol litre” (freshly prepared in water) and 
test sample. Peroxidation was initiated with NADPH 
(final concentration 0.4 mmol litre’) in a total 
volume of 0.4 ml. Samples were incubated and 
processed as described above. 


CALCULATION OF IC, VALUES 


Concentrations of test substance required to produce 
50% inhibition of a reaction (IC,, values) were calcu- 
lated by fitting a third-order polynomial curve to the 
data. The derived IC,, values are shown in the text 
and tables together with sp of the estimate. 


EFFECT OF ALBUMIN ON ANTIOXIDANT EFFECTS OF 
PROPOFOL 


In view of the fact that propofol is extensively protein 
bound, the antioxidant effects of propofol on as- 
corbate-Fe(I])-induced lipid peroxidation and 
NADPH-iron-induced peroxidation were assessed 
in the presence of human serum albumun 0.1, 1.0, 10 
and 30 g litre’. As albumin may have independent 
antioxidant effects, the effect of each test concentra- 
tion of albumin on peroxidation was also measured 
in experiments where no propofol was added. 


HUMAN HEP G2 HEPATOMA CELL CULTURE 


Hep G2 cells were grown routinely in Eagle’s minimal 
essential medium with L-glutamine, non-essential 
amino acids and 10% fetal calf serum at 37°C in 5% 
carbon dioxide in air. Confluent monolayers of cells 
were treated with a variety of concentrations of propo- 
fol for 24 h, after which cells were harvested using 
trypsin-EDTA.” Cytosolic extracts of these cells were 
obtained by sonication in 0.1% digitonin in Tris-HCl 
0.1 mol litre’ pH 7.4, DTT 1 mmol litre” and phenyl- 
methylsulphonyl fluoride 1 mmol litre’. The super- 
natants (16 000 g, 30 min) were used for enzymatic 
assays. Phospholipid hydroperoxide glutathione per- 
oxidase (PHGPx) activity was measured by HPLC 
assay using 1-palmitoyl-2-(13-hydroperoxy-cic9, 
trans-1 1-octadecadienoyl)-L-3-phosphatidylcholine as 
substrate.” Glutathione peroxidase (GPX) activity 
was measured using hydrogen peroxide as substrate. 

Glutathione S-transferase (GST) activity was mea- 
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sured using 1-chloro-2,4-dinitrobenzene (CDNB).” 
Protein contents of the cell extracts were determined 
using the dye binding assay (Bio-Rad) protein assay 
reagent using bovine serum albumin as standard. 


TEST SUBSTANCES 


Diprivan (1% propofol in 10% soybean oil emulsi- 
fied with egg phosphatide; Zeneca, Macclesfield, 
UK) was diluted to appropriate concentrations in 
0.9% saline for all studies in which propofol was 
used. Control studies were performed with 10% 
Intralipid (emulsified soybean oil and egg phos- 
phatide; Kabi Pharmacia, UK). Trolox C and BHT 
were obtained from Sigma Chemicals, UK. 


Results 


Intralipid had no effect on non-enzymic or enzymic 
lipid peroxidation in concentrations that corre- 
sponded to the amounts of Intralipid present in 
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Diprivan solutions (results not shown). Figure 1 
shows the effects of increasing concentrations of 
propofol, BHT and Trolox on peroxidation of human 
liver microsomes induced by ascorbate—-Fe) 
(fig. 1) or NADPH-Fe(U)) (fig. 2). Propofol showed 
similar inhibition curves in both assays with IC,, 
values of 9.5 and 7.4 pmol litre’ in the aqueous 
phase, respectively. Clearly, propofol was equally 
effective at prevention of peroxidation in both 
enzymic and non-enzymic systems. The relative 
effectiveness of propofol compared with BHT and 
Trolox in these assays is shown in table 1 and figures 
1 and 2. 

In separate experiments, we found that there was 
no reduction in the antioxidant activity of propofol 
when experiments were repeated with albumin 0.1, 
1.0 and 19.0 g litre’ in the medium (results not 
shown). Data from experiments where albumin 30 g 
litre’ was used were complicated by the fact that 
this concentration of albumin resulted in 40% reduc- 
tion in ascorbate—Fe(II])-induced peroxidation and 
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Fagure 1 Concentrations of propofol, BHT and Trolox C os extent of inhibition of non-enzymic lipid peroxidation 
(NELP) in a human liver m-crosome preparation, presented as (a) measured generation of malondialdehyde (MDA) in 
individual experiments, and (B) with all values indexed to the level of lipid peroxidation measured in the absence of any 
antioxidant compound in esch set of experiments. Data are mean (sp). 
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Fiıgure2 Concentrations of propofol, BHT and Trolox C os extent of inhibition of enzymic lipid peroxidation (ELP) in 
a human liver microsome preparation, presented as (A) measured generation of malondialdehyde (MDA) in individual 
experiments, and (B) with all values indexed to the level of lipid peroxidation measured in the absence of any antioxidant 
compound in each set of experiments. Data are mean (sp). 


Annoxidant effects of propofol 


Table 1 IC50 values for propofol, BHT and Trolox C for 
inhibition of lipid peroxidation in normal human liver microsomes 


(mean (sd)) 


Agent . 1C50 for non-enzymic IC,, for enzymic 
lipid peroxidation lipid peroxidation 
(pmol litre—1) (umol litre-1) 
Propofol 9.47 (0.86) 7.39 (0.84) 
BHT 2.34 (0.68) 0.35 (0.04) 
Trolox C 1.30 (0.57) 0.32 (0.02) 
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Table2 Effect of propofol on antioxidant enzyme acuvity ina 
Hep G2 cell line (mean (sd)). PHGPx=phospholipid 
hydroperoxide glutathione peroxidase; GPX=glutathione 
peroxidase; and GST=glutathione S-transferase 








Propofol concn Antioxidant enzyme activity (n=4) 
(pmol litre-1) (nmol of substrate min-l mg protein-1) 
PHGPx GPX GST 
0 2.40 (0.17) 5.37 (0.57) 25.6 (2.7) 
1 2.48 (0.20) 6.00 (0.26) 25.8 (1.5) 
10 2.44(0.14) 6.00 (0 40) 22 1 (1.7) 
100 2.44 (0.25) 4.87 (0 51) 21.6 (1.7) 
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Figure3 Propofol-induced inhibition of lipid peroxidation in the presence (+) and absence (-) of human serum 
albumin 30 g litre’. The curves on the left (a, c) are for ascorbate~Re(II])-induced (non-enzymic) lipid peroxidation 
CNELP), and those on the night (B, D) are for NADPH-iron-induced (enzymic) lipid peroxidation (ELP). The two upper 
curves (a, B) show the actual concentrations of lipid peroxidation, measured by generation of malondialdehyde (MDA), 
while the two lower curves (C, D) show the same data with values indexed to initial measurements in the absence of 
propofol in each set of experiments. Note that addition of albumin results in a 40% reducnon 1n lipid peroxidation. 
Residual peroxidation is effectively inhibited by propofol, albeit with a change in IC,,. Data are mean (sD). 


NADPH-iron-induced lipid peroxidation. However, 
the residual peroxidation reaction was effectively 
inhibited by propofol (fig. 3), with IC,, values of 9.54 
(0.02) and 12.43 (0.41) pmol litre’ (vs 1.74 (0.39) 
and 5.54 (0.59) pmol litre’ in the absence of albu- 
min), respectively. 

The effect of propofol on the activity of key antiox- 
idant and detoxifying enzymes in Hep G2 cell lines is 
shown in table 2. There were no significant changes 
with propofol for all concentration ranges. 


Discussion 


We have shown that clinically relevant concentrations 
of propofol inhibited both enzymic and non-enzymic 
lipid peroxidation, suggesting that it does so via 
mechanisms independent of cytochrome P450. 
Previous studies have reported that propofol inhibits 
microsomal cytochrome P450 activity. However, the 
IC,, values for this effect are considerably higher than 
the typical clinical concentrations (<30 pmol litre”) 
that we chose to examine in our studies. Thus Baker, 
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Chadam and Ronnenberg” showed an IC,, value of 
approximately 350 pmol litre” in rat hepatic micro- 
somes, Janicki, James and Erskine” showed an IC,, of 
approximately 60-100 pmol litre” in human hepatic 
microsomes and Chen and colleagues” showed an 
IC,, of 300-1000 umol litre” in human liver micro- 
somes. Lower IC, values of 25-30 pmol litre” were 
reported by Baker, Chadam and Ronnenberg,” but 
these were in hepatic microsomes obtained from 
phenobarbital treated rats. In contrast, Chen and col- 
leagues” showed that doses as high as 100 mg kg” 
i.p., twice daily for 2 weeks, failed to produce signifi- 
cant effects on cytochrome P450 activity. However, 
we cannot exclude the possibility that the antioxidant 
effects we observed were related in part to inhibition 
of NADPH cytochrome P450 reductase, although 
there are no data in the literature to support such an 
effect either for propofol or for other closely related 
phenolic compounds. 

The IC,, for propofol in both enzymic and 
non-enzymic lipid peroxidation reactions was 7-9 
umol litre”. These results agree with those of 
Musacchio and colleagues,” who found an IC, of 

1-25 pmol litre’, and Aarts and colleagues” who 
demonstrated significant antioxidant protection by 
propofol at concentrations of 11.2 and 28 pmol 
litre”. We found that both BHT and Trolox C were 
more potent antioxidants than propofol. The IC,, 
values for enzymic and non-enzymic lipid peroxida- 
tion were 0.35 and 2.3 pmol litre”, respectively, for 
BHT, and 0.32 and 1.3 umol litre’, respectively, for 
Trolox C. Our comparative data for BHT and propo- 
fol differed from those observed by Musacchio and 
colleagues, who demonstrated similar antioxidant 
potencies for the two compounds in their assay. 
These differences may be related to species (rat vs 
human hepatocytes) or to differences in experimen- 
tal methods. 

These findings need to be assessed in the context 
of plasma concentrations achieved in clinical prac- 
tice. Typical plasma concentrations of propofol dur- 
ing anaesthesia are 2.8-28 umol litre’ which are 
similar to the concentrations that inhibited lipid 
peroxidation in our studies. While comparison with 
clinically relevant concentrations of a-tocopherol 
(approximately 33 pmol litre’)* would have been 
interesting, its lack of solubility in water made direct 
comparison in our experiments difficult. 

Consideration of lipid solubility and partitioning 
is important with reference to propofol, which 
is a highly lipid soluble compound with a log 
octanol/water partition coefficient of 3.7, and esti- 
mates of its relative concentration in lipid mem- 
branes (compared with the aqueous environment) 
vary from 4 to 200 (data from Zeneca, Macclesfield, 
UK). This fact may help to explain the races pete 
between data from Green, Bennet and Nelson 
the results obtained by Musacchio and i tastes: 
Eriksson, Pollesello and Saris, Aarts and col- 
leagues” and ourselves. Green, Bennet and Nelson” 
studied the antioxidant effects of propofol in an 
aqueous system, which may nct have been relevant to 
an agent that prevents lipid peroxidation. The relative 
concentration of propofol in lipid membranes 
may explain its antioxidant activity in microsomal 
preparations in the latter three studies. 

Propofol is highly protein bound, and the presence 
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of albumin in the medium may be expected to result 
in significant binding and reduction in antioxidant 
activity. However, while human serum albumin 30 g 
litre’ resulted in some decrease in the potency of 
propofol for inhibition of both types of peroxidation 
reactions, IC,, values were well within the range of 
plasma concentrations observed during clinical use 
of the agent. IC, values for propofol in the absence 
of albumin in these experiments were different from 
those obtained in experiments that compared propo- 
fol with BHT and Trolox C. However, these two sets 
of studies were performed on different liver samples, 
and the experiments were separated by several 
months, as timing of these experiments was dictated 
by the availability of cut down livers. In this context 
the observed differences are not excessive. 

Propofol had no significant effects on the activities 
of antioxidant enzymes in the Hep G2 cell line, 
although there appeared to be a trend towards reduc- 
ing activities of GST and GPX at high propofol con- 
centrations (approximately 100 pmol litre”). These 
enzymes are known to be induced in Hep G2 cells by 
antioxidant compounds such as picolines” and in 
vivo by extracts of cruciferous vegetables.” ” These 
findings also distinguish propofol from other struc- 
turally similar phenolic antioxidant compounds such 
as BHT, which undergo redox cycling and tend 
to increase concentrations of these enzymes.” 
Consequently, administration of propofol is unlikely 
to be associated with antioxidant effects that persist 
beyond the duration of exposure to the drug. Further 
investigations are required to clarify if prolonged 
exposure to high concentrations of propofol can 
result in attenuation of the intrinsic cellular antioxi- 
dant defences, with an increase in vulnerability to 
oxidant attack after withdrawal of the agent. 

In summary, we conclude that propofol exhibits 
useful antioxidant activities in lipid membranes when 
concentrations in the aqueous environment are well 
within the anaesthetic dose range, probably as a 
result of preferential partitioning into hydrophobic 
environments. This finding may be relevant in the 
context of clinical use of propofol as an antioxidant, 
as it may be able to inhibit or limit lipid peroxidation 
in cell membranes. Maximal inhibition of lipid 
peroxidation was achieved in our experiments at 
concentrations <30 pmol litre’, and there may be 
unfavourable effects on cellular antioxidant enzyme 
levels at concentrations above the clinical range, with 
additional effects on cytochrome P450 becoming 
apparent. Optimal concentrations of propofol for 
antioxidant activity appear to coincide with plasma 
concentrations obtained during clinical anaesthesia, 
and these effects are seen at clinically relevant con- 
centrations of propofol, even in the presence of phys- 
iological concentrations of human serum albumin. 
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Continuous spinal anaesthesia 


N. M. DENNY AND D. E. SELANDER 


Continuous spinal anaesthesia (CSA) is the tech- 
nique of producing and maintaining spinal anaesthe- 
sia with small doses of local anaesthetic which are 
injected intermittently into the subarachnoid space, 
via an indwelling catheter. The concept was 
described first in 1907 by Dean,” a British surgeon, 
who wrote of placing a needle in the subarachnoid 
space and leaving it in situ so that repeated doses of 
local anaesthetic could be injected. In 1939, 
Lemmon described a malleable needle which could 
be left in the subarachnoid space allowing intermit- 
tent injection of local anaesthetic via a rubber tube.” 
The catheter technique was described first by 
Edward Tuohy in 1944.” He described CSA as a safe 
and versatile technique without significant problems 
of post-dural puncture headache (PDPH). 

In the early 1950s, Dripps reported a high inci- 
dence of paraesthesia and low success rates with 
CSA, and this led to a decline in its use. Fears that 
CSA would result in a higher incidence of PDPH 
and neurological complications, together with the 
development of the continuous epidural anaesthetic 
technique,” further discouraged the use of CSA. 

When CSA was reintroduced in the mid 1980s, the 
advantages described were: excellent control of seg- 
mental spread and duration; effectiveness of small 
doses of local anaesthetic; and decreased risk of car- 
diovascular side effects.” The incidence of PDPH 
also seemed low, especially in elderly patients.” “° 

During the late 1980s, microcatheters were devel- 
oped to make the CSA technique suitable for use in 
young patients without incurring an unacceptable 
risk of PDPH.” However, nat only was it difficult to 
show a decreased frequency of PDPH, but serious 
neurological complications were reported after the 
use of spinal microcatheters and high concentration, 
hyperbaric local anaesthetics.” As a consequence, in 
1992 the Food and Drug Administration (FDA) of 
the USA banned the use of spinal catheters thinner 
than 24-gauge,” and the manufacturers of local 
anaesthetics declared that their drugs were not indi- 
cated for use with CSA. “This reinforced the miscon- 
ception that CSA was a dangerous technique. 

However, our experience is that CSA is a valuable 
and safe technique when performed correctly. The 
purpose of this article is to review the relevant 
aspects of CSA, its indications and side effects, and 
to comment on drugs, equipment and technique. 


(Br. J. Anaesth. 1998; 81: 590-597) 


Keywords: anaesthetic techniques, subarachnoid; anaesthet- 
ics local; equipment, catheters sucarachnoid 








History and experience with large-bore 
catheters 


As we know it today, CSA was first described by 
Edward Tuohy in 1944. He devised a technique of 
inserting a ureteral catheter 4-5 cm into the sub- 
arachnoid space via a 15-gauge Huber point needle 
and initiating spinal anaesthesia with incremental 
doses of local anaesthetic. He found that the dose of 
local anaesthetic used for single injection spinal 
anaesthesia could be reduced by 20-25% with the 
CSA technique.” ” He recommended it for surgery 
below the umbilicus and reported no increase in the 
incidence of PDPH compared with single injection 
techniques and no neurological complications. His 
comments on the technique are as revealing and per- 
tinent today as they were then: “A question has been 
raised concerning the direction the catheter will 
advance in the subarachnoid space after the tip of the 
catheter leaves the end of the guiding needle. The 
direction cannot be predicted positively, but if the tip 
of the catheter is bent slightly before introducing it 
into the needle, I have found that the catheter will 
advance cephalad (our italics) in most cases, This has 
been determined and verified by using leaded 
ureteral catheters which are opaque radiographically. 
If the catheter turns caudad (our italics) on entering 
the subarachnoid space, this fact can usually be sur- 
mised or detected shortly after the first dose of the 
spinal anesthetic agent has been introduced because 
of the segmental distribution of the resulting anesthesta 
(our italics). Under these circumstances it is sug- 
gested that the remaining amount of the anesthetic 
solution in the syringe be diluted with an equal vol- 
ume of saline to make a 1.5% solution of procaine 
hydrochloride. Twice as much solution (volume) 
should then be injected when additional doses are 
required”.” 

In 1950, Dripps reviewed reports on single injec- 
tion spinal anaesthesia (SSA) and CSA with a mal- 
leable needle and catheter techniques. He found an 
8% (43 of 506) incidence of failed anaesthesia with 
CSA compared with 1.9% (37 of 1921) with SSA. 
Also, he found more technical difficulties with the 
catheter technique and a significantly higher inci- 
dence of transient paraesthesiae (33%) than with sin- 
gle injection techniques (13%).'° Over the next 25 yr, 
CSA was used little, as reflected by the paucity of 
references in the literature, and it is hard not to con- 
clude that this was a direct result of Dripps’ article. 


NicHoLas M. Denny, rrca, Department of Anaesthesia, Queen 
Ehzabeth Hospital, King’s Lynn, Norfolk PE30 4ET. Dac E. 
SELANDER, MD, PHD, Sahlgren’s University Hospital, Gothenburg, 
Sweden and Clinical Research and Development, Astra Pain 
Control, 8-151 85 Södertälje, Sweden. 


Continuous spinal anaesthesia 


In 1952, in a series of 600 poor-risk surgical 
patients (24% were younger than 60 yr of age) who 
had CSA using 16-gauge Huber point needles, 
Brown found a failure rate of only 2%, and a 14% 
incidence of transient paraesthesia on threading the 
catheter.’ The PDPH rate was 9.8%, and there were 
four cases of extraspinal neuropathies (three sixth 
nerve palsies and one peroneal) which recovered 
spontaneously. 

In 1972, Giuffrida and colleagues described the 
use of CSA for Caesarean section in 75 patients 
using 21-gauge Huber point needles and 24-gauge 
catheters.” There were no failures, PDPH was 
reported in 12 patients (16%) and there were no 
neurological complications. In the same year, Kallos 
and Smith reported no failures, no complications 
and no PDPH in a series of 121 patients who had 
CSA for hip surgery (table 1).” They used 20-gauge 
nylon epidural catheters which were inserted through 
18-gauge Hustead or Tuohy needles. 

In 1981, Rao and El-Etr investigated the incidence 
of neurological complications arising from anticoag- 
ulant therapy after epidural and subarachnoid 
catheterization in 3164 and 847 patients, respectively 
(catheter size was not specified). Twenty patients 
experienced minor complications, five of which were 
neurological (four after epidural, one after subarach- 
noid blocks), and 15 low back pain (nine epidural, six 
subarachnoid) which were self-limiting and resolved 
with time.” There was no incidence of peridural 
haematoma leading to spinal cord compression. 
There was no report on the incidence of PDPH. 

In 1987, Denny and colleagues, in the first 
prospective study of PDPH after CSA, assessed 117 
patients with a mean age of 63 yr and found only one 
patient, a 29-yr-old man, who developed PDPH.” 
They used 18-gauge Hustead Tuohy needles (which 
were inserted with the bevel parallel to the longitudi- 
nal fibres of the dura) with 20-gauge nylon epidural 
catheters inserted 2-4 cm into the subarachnoid 
space. Difficulty threading the catheter was experi- 
enced in five patients (4.3%) and there were six 
(5.1%) failures with the technique (which led to 
general anaesthesia), but no neurological sequelae. 
Denny and colleagues postulated, as an explanation 
for the unexpectedly low incidence of PDPH, that 
the spinal catheter, if left in situ long enough, might 
induce an inflammatory reaction around the punc- 
ture site, and “that when the catheter is removed, 
edema or fibrinous exudate resulting from the 
inflammatory reaction seals the hole in the dura, thus 
preventing leakage of cerebrospinal fluid (CSF)”. It 
was concluded that “with a PDPH incidence of less 
than 1% and the possibility of safely controlling the 


Table 1 Incidence of post-dural puncture headache (PDPH) 
(retrospective studies). All Caesarean section patients, **all 
obstetric patients 


No. Age Catheter PDPH 

Study patients (yr) (gauge) (%) 
Kallos” 121 59pts<60 20 0 
Giuffrida” 75* <40 24 16 
Peterson” 52 70 20 0 
Mahisekar® 226 62 20 0 
Horlocker 7 474 63 20 3.4 
Horlocker” 127** 29 28 33 
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level of anesthesia, continuous spinal anesthesia 
offers an excellent method for long operations, par- 
ticularly in elderly or severely ill patients”. 

A similar low incidence of PDPH was reported in 
1991 by Mahisekar and colleagues in a retrospective 
series of 226 patients after CSA with 18-gauge Tuohy 
needles and 20-gauge catheters, performed from 1981 
to 1985. They reported no other complications.” 

The hypothesis proposed by Denny and colleagues 
that the prolonged presence of the spinal catheter 
may prevent PDPH was supported by a retrospective 
study by Cohen and co-workers, which showed that 
prolonged placement of large-bore catheters in 
obstetric patients after accidental dural puncture 
appeared to reduce the incidence of PDPH.’ 
However, in a study of 87 patients, aged 40-90 yr, 
undergoing orthopaedic procedures with CSA, per- 
formed with 18-gauge Tuohy needles and 20-gauge 
nylon catheters, Liu and colleagues found that 
prolonged spinal catheterization did not reduce the 
incidence of PDPH (9.2%).* 

In 1989, Sutter, Gamulin and Forster, in a retro- 
spective series of 457 patients who had CSA using 
20-gauge catheters, reported not only greater cardio- 
vascular stability but a significantly lower failure rate 
(1.7%) than the 9% in 274 similar patients who 
received epidural anaesthesia. No infections or neu- 
rological complications were found, but the inci- 
dence of PDPH was not reported.” 

In 1995, Van Gessel, Forster and Gamulin showed 
that it was feasible to use CSA in a teaching environ- 
ment. They detected no incidence of PDPH after 
CSA with 20-gauge catheters in 100 patients aged 
more than 65 yr. They demonstrated that although 
the failure rate for their residents was 6%, the tech- 
nique was 100% successful in experienced hands.” 

In 1997, Horlocker and co-workers, in a retrospec- 
tive series of 474 patients who had CSA with 20- 
gauge catheters, reported a low PDPH incidence 
(3.4%) and a failure rate of 3.4%.” However, one 
patient developed aseptic meningitis and another, a 
76-yr-old, 109-kg female with a history of lumbar 
radiculopathy, developed a cauda equina-like syn- 
drome (CES) after administration of 5% hyperbaric 
lidocaine (lignocaine) 120 mg. 

In summary, experience of CSA using 20-gauge 
catheters in elderly patients shows that the technique 
is safe and easy to use. The major complication was 
PDPH, which varied from 0 to 9.2% (tables 1, 2), 
but with the exception of one case of CES with tetra- 
caine” and one with 5% lidocaine,” there were no 
major neurological complications. The overall 
reported failure rate was 2.5%, which is similar to 
single injection techniques” ““°”” (table 3). 


Microcatheters 


After publication of the prospective study by Denny 
and colleagues in 1987,” and the introduction of the 
microcatheter technique in 1990,” there was a resur- 
gence in popularity of CSA with both large-bore and 
microcatheters (28—32-gauge). 

The spinal microcatheter was described first by 
Hurley and Lambert.” Their aim was to develop a suf- 
ficiently fine-bore catheter (42-gauge Rusch) which 
could be threaded through an appropriately fine spinal 
needle (26-gauge) into the CSF. Theoretically, com- 
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Table 2 Incidence of post-dural puncture headache (PDPH) 
(prospective studies) 


No. Age Catheter PDPH 

Study patients  (yr,mean) (gauge) (%) 
Denny” 117 63 20 <1 
Lui” 87 70 20 9.2 
Mazze" 100 64 20/24 6 

Van Gessel” 100 >65 20 0 
Hurley™ 58 50 32 4 

De Andres” 65 . 33 32 3 
Stand)“ 100 62.5 28 1 


Table 3 Failure rate of continuous spinal anaesthesia (CSA). 
*one catheter broke 


No. Catheter Failure Pro/ 

Study patents (gauge) (%) retrospective 

i 117 20 5.1 Prospective 
Van Gessel” 100 20 0 Prospective 
Sutter® 457 20 1.7 Retrospective 
Mahisekar® 226 20 4 Retrospective 
Horlocker” 474 20 3.2 Retrospective 
Petros” 90 28* 4.4 Prospective 
Standl“ 100 28 0 Prospective 
Chan’ 55 27 16 Prospective 
Horlocker” 127 28 3.9 Retrospective 


pared with large-bore catheters, this would enable 
CSA to be performed in younger patients with a 
reduced risk of PDPH. Their initial study with the 32- 
gauge microcatheter in 58 patients in 1990 showed a 
20% incidence of technical complications, which 
included failure to thread the catheter, inability to 
inject the local anaesthetic and inadequate anaesthe- 
sia, resulting in an incidence of failed spinal block of 
15% and a 3.4% incidence of broken catheters (table 
4).” Similar experiences were also reported by others 
(table 4). ” ° The 32-gauge spinal microcatheter was 
difficult to handle, CSF could not be aspirated and it 
had a very high internal resistance, making injection of 
local anaesthetic very slow. 

A 28-gauge catheter which could be passed 
through a 22-gauge spinal needle was then developed 
(Kendall). This catheter proved easier to use and did 
not have as many technical complications. Recent 
studies with 28-gauge catheters have shown a techni- 
cal complication rate similar to that of large-bore 
catheters, including the incidence of PDPH.”” *The 
authors’ own experience with this catheter revealed a 
higher incidence of slow onset and inadequate blocks 
compared with large-bore catheters. 

However, it was not long before cases of neurological 
complications, in the form of cauda equina syndrome, 
were described after CSA with microcatheters.” 
Further reports of problems with the microcatheter 
technique” led the FDA in 1992 to ban the use of 
spinal catheters smaller than 24-gauge in the USA.” In 
all, approximately 12 cases of cauda equina syndrome 
after CSA with microcatheters have been reported. 


Cauda equina syndrome and local 
anaesthetic toxicity  . 


Cauda equina syndrome results from toxic damage 
to the nerve roots of the cauda equina, and is charac- 
terized by the following symptoms:'low back pain, 
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Table 4 Complications of connnuous spinal anaesthesia (CSA) 
(32-gauge) catheters 


No. Cannot Failure Catheter 
Study patients thread (%) (%) Break (%) 
Huriey™ 58 10 15 3.4 
Silvanto“ 20 25 25 0 
Pitkanen™ 21 30 35 13 
Klimscha” 26 = 1 0 
De Andres” 65 3 8 0 


Table 5 Cauda equina cases, 5LH=5% lidocaine hyperbaric, 
1 Tetra=1% Tetracaine hyperbaric 


Initial Total 

Age Ref. Surg. dose dose Catheter 
(yr) No. Sex position Drug (mg) (mg) (gauge) 
67 58 M  Lithotomy 5LH 150 290 28 

60 58 M ? 5LH 150 220 28 

68 56 M _  Lithotomy 5LH 150 175 28 

45 56 F Supine 5LH 100 300 28 

56 56 M Supine 5LH 110 190 28 

67 56 M Supine 1Tetra 20 37 20 

76 27 F Supine 5LH 30 120 20 


sensory disturbance in the saddle area, weakness of 
the legs, bowel and/or bladder dysfunction.” 

In the first six cases of cauda equina syndrome 
reported, 28-gauge catheters and 5% hyperbaric 
lidocaine were used, except in one patient where a 
20-gauge catheter and 1% hyperbaric tetracaine had 
been used.”** All patients showed insufficient spread 
of anaesthesia which became adequate only after 
excessive doses of local anaesthetic had been 
injected. After operation it became evident that these 
patients had developed a serious neurological com- 
plication which was diagnosed as cauda equina syn- 
drome. As an explanation, mechanical trauma to 
nerve roots was considered unlikely. Instead, it was 
postulated that this was a neurotoxic injury caused 
by pooling of highly concentrated local anaesthetic 
around the cauda equina.” The six first cases are 
summarized in table 5. 


STUDIES WITH SPINAL MODELS 


Studies using spinal column models have shown that 
insufficient spread of a hyperbaric local anaesthetic 
can occur if the catheter is positioned caudally and 
especially when the local anaesthetic is injected 
slowly.” *” Under such circumstances, the hyper- 
baric local anaesthetic could accumulate in the cau- 
dal end of the dural sac, without or with only little 
mixing with CSF, thus allowing exposure of the 
thinly protected nerve roots to an abnormally high 
concentration of the local anaesthetic. It was postu- 
lated that if this exposure time was long enough, the 
nerve roots could suffer from a toxic injury. 


CLINICAL EVIDENCE 


The suggested explanation is supported in clinical 
practice by the quoted remark of Tuohy (p. 1)” and 
by two reports of insufficient dermatomal spread of 
spinal anaesthesia caused by caudally positioned 
catheters which resulted in “failed CSA”.°” The first 
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case was described by Morch, Rosenberg and Truant 
in 1957 in a remarkable study of intrathecal pharma- 
cokinetics in patients during CSA with 5% hyper- 
baric lidocaine.” Large-bore catheters were inserted 
17-20 cm into the CSF (aiming to place the tip at 
Tl1-12) both for injection of the local anaesthetic 
and to enable CSF samples to be withdrawn for 
analysis of lidocaine. In one patient, only restricted 
anaesthesia was detectable, despite injection of lido- 
caine 200 mg (in 2-3 separate doses). They found 
that the CSF concentration of lidocaine was approxi- 
mately 5—7 times greater than in patients who had a 
successful block. Radiographically it was demon- 
strated that the catheter had gone caudally, and had 
curled up on itself with its end in the dural cul-de-sac 
at the level of the second sacral vertebra. Morch, 
Rosenberg and Truant stated that “as the lidocaine 
injected in this patient would probably form a pool in 
the dural sac it 1s easy to see why the concentration of 
lidocaine in the spinal fluid samples was so high”. 

The second report is of two cases of failed CSA 
with 28-gauge spinal catheters.° In both patients a 
very restricted block (sacral) was demonstrated after 
an initial intrathecal injection of 1.5 ml (75 mg) of 
5% hyperbaric lidocaine. Radiographic evidence 
showed that in both patients the catheters were 
placed caudally with contrast dye pooling sacrally. 

In none of these cases were any neurological com- 
plications reported. 


MIXING OF LOCAL ANAESTHETIC IN CSF: EFFECT OF SPEED 
OF INJECTION 


Normally, injection of local anaesthetic via a spinal 
needle or a large-bore (spinal) catheter causes turbu- 
lence at its tip, enabling the local anaesthetic to mix 
and dilute with the CSF to become evenly distributed. 
This process varies with the rate of injection (ml s”), 
so that in principle, the faster the local anaesthetic is 
injected the more thoroughly it mixes with the CSF. 
However, because of its very high internal resistance it 
is difficult to inject local anaesthetic fast enough 
through a microcatheter to ensure adequate mixing 
with CSF. 

With a caudally positioned catheter and the use of 
hyperbaric, highly concentrated local anaesthetics, 
such as 5% lidocaine, there is a risk that the poorly 
diluted local anaesthetic may remain in the caudal 
part of the dural sac for long enough to cause toxic 
lesions to the nerve roots.°™” 


LOCAL ANAESTHETIC TOXICITY 


Hyperbaric 5% lidocaine has been used uneventfully 
for more than 40 yr as a spinal anaesthetic, although 
mainly via a single injection technique, and it was not 
until recently that doubts were raised about the 
safety of this drug for spinal anaesthesia." 7 * ° ™ 
After reports of the described severe neurological 
complications and im vitro toxicity tests on frog 
nerves, some investigators have declared 5% hyper- 
baric lidocaine neurotoxic, and recommend anaes- 
thetists not to use it for spinal anaesthesia. '$ * 
However, the reported complications with 5% lido- 
caine were associated exclusively with its use in 
microcatheters. Lambert and Strichartz have shown 
in vitro with bullfrog sciatic nerves that both 5% lido- 


593 


caine and 0.5% tetracaine were neurotoxic, whereas 
both, 0.75% bupivacaine and 7.5% dextrose were 
not. 

What seems to have happened in patients who 
developed cauda equina syndrome is an incompati- 
bility between a “normally” safe drug and a new 
injection device. Thus when combining the old rel- 
able 5% hyperbaric lidocaine with microcatheters, a 
new risk of neurological complications was created. 
Theoretically, the use of very thin spinal needles, 
through which aspiration of CSF is difficult, could 
cause a similar situation to that described for micro- 
catheters. Consequently, the FDA has recommended 
that 5% hyperbaric lidocaine should be diluted with 
an equal volume of CSF before injection.” 

“Transient radicular irritation” (TRI) syndrome, 
sometimes seen after spinal anaesthesia, is frequently 
confused with the neurotoxic cauda equina syn- 
drome.* TRI is a transient condition characterized 
by symmetric low back pain which usually resolves 
within 72 h. It normally responds to simple anal- 
gesics, and the described symptoms indicate that it is 
not a neurotoxic lesion."*” ” TRI ıs neither concen- 
tration nor dose dependant in contrast with the 
cauda equina syndrome .”” 


Factors affecting intrathecal distribution of 
local anaesthetic 


An even spread of local anaesthetic through the CSF 
giving an adequate block may not always occur with 
CSA°’”**™” and newcomers to the use of CSA can 
be surprised by the occasional failure or restricted 
block. As mentioned previously, one reason for a 
caudally restricted block is a sacral position of 
the catheter. 


CATHETER POSITION 


Most anaesthetists intuitively aim to place the 
catheter in a cephalad direction to facilitate cranial 
spread of local anaesthetic. Its importance was 
described first by Tuohy” and this has been con- 
firmed by two recent studies.” An important factor 
determining the direction of the catheter seems to'be 
the length it is inserted into the subarachnoid space. 
Standl and Beck, in a study of 68 patients, found that 
microcatheters (28-gauge) inserted more than 4 cm 
had a 30% incidence of being placed caudally com- 
pared with 15% for those inserted less than 4 cm.” 
Other studies with 28-gauge catheters by the same 
group reported an incidence of caudal catheter 
placement of 16-35% (table 6). ’ The limited infor- 
mation available indicates a lower risk of caudal 
placement of 20-gauge catheters.” 

In another study, Standl and colleagues found that 
the risk of caudal placement of 28-gauge catheters 
was reduced by using a directional spinal 22-gauge 
Sprotte needle.” 


PATIENT POSITION 


The position of the patient while the catheter is 
inserted is unlikely to influence the position of the 
catheter. Studies using 28-gauge microspinal 
catheters by Standl and colleagues have shown con- 
trasting results. In one study they found that patients 
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Table 6 Incidence of caudally placed catheters 


Study Catheter (gauge) No.patients Incidence (%) 
Van Gessel“ 20 28 7 

Standl” 28 68 16 

Standl” 28 21 35 


who had catheters inserted in the sitting position had 
only a 6% incidence of caudally directed catheters 
compared with 25% if placed with the patient in the 
right lateral position.” However, in the other study 
they found a 35% incidence of caudal catheters 
despite insertion in the sitting position.” 


VOLUME AND DOSE OF LOCAL ANAESTHETIC 


Provided isobaric solutions are used,” the spread of 
analgesia appears to be related mainly to the volume 
of local anaesthetic, while the total dose generally 
determines duration of block.’*®”™ The height of the 
block is best controlled by titration of intermittent 
injections of small volumes of local anaesthetic 
through the catheter and assessment of block level 
after each injection. 57606769 


BARICITY 


When equal volumes and doses of local anaesthetic 
are injected with patients supine, segmental spread of 
block is greater and onset is faster with hyperbaric 
than either isobaric or hypobaric solutions,’ pro- 
vided the spinal catheter is placed correctly. It should 
be remembered that plain bupivacaine solutions are 
slightly hypobaric at body temperature.” 


CONCENTRATION 


The concentration of local anaesthetic itself has little 
effect on the spread of spinal block, the spread pri- 
marily being a feature of speed of injection, volume 
and baricity.’*"” Provided equal volumes are used, 
block duration is shorter with less concentrated local 
anaesthetics. Except for the smaller volume, no 
advantage seems to be gained by use of local anaes- 
thetics of a higher concentration than used normally, 
for example in epidural anaesthesia.” As mentioned 
previously, highly concentrated local anaesthetics 
may cause neurotoxicity. 


Indications and clinical use 


SURGICAL 


The main advantages of CSA over epidural anaesthe- 
sia and SSA are its easier technique and the possibility 
of providing an adequate level and duration of anaes- 
thesia with small intermittent doses of local anaes- 
thetic, which also minimizes the risks of cardiovascular 
and respiratory disturbances. These qualities are of 
special value for lower abdominal and lower limb 
surgery in elderly and high-risk patients; they consti- 
tute the primary indication for CSA. * 1}? 734340 $0 6973 
When used in trauma patients, CSA appears to be 
associated with fewer technical problems and faster 
onset of anaesthesia compared with combined 
spinal-epidural anaesthesia.” 
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PAIN MANAGEMENT 


Postoperative analgesia 

There are a few published studies on the use of spinal 
catheters for postoperative analgesia, **®® and only 
one comparative study with epidural analgesia or 
other techniques has been published.“ Postoperative 
analgesic regimens have been described for bupiva- 
caine, morphine and diamorphine infusions. While 
experience with morphine and diamorphine has been 
successful,’ “° that with bupivacaine solutions has 
been inconsistent, in terms of both motor block and 
hypotension.“ ® There was also a high failure rate 
with microcatheters.“’” A recent study in patients 
after hip and knee arthroplasty showed that infusion 
of a combination of bupivacaine 1 mg h” and mor- 
phine 8 yg h` provided similar postoperative analgesia 
as bupivacaine alone infused at a rate of 2 mg h”, but 
with less motor block.’ There was a high incidence of 
nausea and vomiting in the morphine group. 


Chronic pain relief 

For long-term analgesia in cancer patients, continuous 
spinal analgesia with dilute mixtures of bupivacaine 
and morphine, or bupivacaine and buprenorphine, 
were effective for several months, with | few side effects 
and no signs of neurotoxic reactions.’ 


Adverse effects/side effects 


CARDIOVASCULAR 


Clinical studies have shown that haemodynamic sta- 
bility is greater with CSA than with SSA or epidural 
anaesthesia. This is because of the possibility of titrat- 
ing the level of anaesthesia with small incremental 
doses of local anaesthetic until adequate block is 
achieved.” * °°" *®* From this aspect, isobaric 
solutions were more predictable to use than either 
hypo- or hyperbaric solutions.” 


POST-DURAL PUNCTURE HEADACHE (PDPH) 


The incidence of PDPH after CSA remains contro- 
versial, with widely differing reported incidences. 
Some prospective studies have shown a very low inci- 
dence, while others found incidences of 6-9% (table 
2),'2 15 8 41875 Th retrospective studies, a generally 
low incidence of PDPH after CSA using large-bore 
catheters was found in older patients (table 1).7””** 
The few published studies of the incidence of PDPH 
after CSA with microcatheters in older patients have 
indicated no difference compared with what could be 
expected with large-bore spinal catheters. °” 

The incidence of PDPH after CSA is probably 
commensurate with the age of the patient, size of the 
needle used and dural puncture technique—the lat- 
ter was demonstrated by Mihic, who detected a 
much lower incidence of PDPH if the dura was 
punctured with the needle bevel plane parallel to the 
axis of the spine as opposed to being at right angles.” 
In older patients, that is more than 60 yr, the inci- 
dence of PDPH is generally low after CSA with 
20-24-gauge catheters (tables 1, 2). De Andres and 
colleagues found no difference in the incidence of 
PDPH after CSA with a 20-gauge catheter compared 
with SSA using 24-gauge Sprotte needles.” 
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In younger patients, experience with large-bore 
catheters is limited” and no large-scale prospective 
studies on the incidence of PDPH with micro- 
catheters have been reported in this age group. 
However, a recent retrospective study showed a sur- 
prisingly high incidence of PDPH (33%) after use of 
28-gauge miicrocatheters in obstetric patients for 
both vaginal and Caesarean delivery.” 


Technical complications 


ANAESTHETIC 


The average failure rate of CSA with 20-gauge 
catheters is 2.5% (table 3). 57 49 68675 This is com- 
parable with the 4% found in a prospective study of 
200 patients,“ and with 3.1% in another prospective 
study of 1891 patients who all underwent SSA.” It is 
similar to failure rates of 0, 3.9 and 4.4% with 28- 
gauge catheters found in three studies” but in a 
fourth study, a 16% failure rate with 28-gauge 
catheters was reported (table 3).’ In contrast, the 
overall failure rate for 32-gauge microspinal 
catheters was 17%” (table 4). 

Occasionally the catheter can be difficult to thread. 
This incidence varies from 4.5 to 20%" and is 
usually a result of the needle tip being pushed too far 
into the subarachnoid space and lying too close to 
the opposite side of the spinal canal.“ Often this can 
be overcome by withdrawing the needle slightly 
within the subarachnoid space and readvancing the 
catheter. 

The incidence of transient paraesthesia on inser- 
tion of the catheter into the subarachnoid space can 
be as high as 24%.” While there is a potential risk of 
infection when the dura is punctured, especially with 
long-term use, there are no reports of infective 
meningitis or sepsis after CSA. 


POSTOPERATIVE PAIN MANAGEMENT 


There are limited data on the technical complica- 
tions of the use of spinal catheters for postoperative 
pain control. The problems encountered range from 
disconnection of the catheter from the filter, obstruc- 
tion of the catheter as a result of kinking and migra- 
tion of the catheter tip out of the CSF.“ "The 19% 
failure rate with 28-gauge catheters in one study 
made the authors change to 22-gauge catheters 
which reduced the failure rate to only 4%.” 


Needle design 


It is well known that the risk of PDPH after SSA is 
lower if pencil-point spinal needles are used rather 
than cutting edged ones of similar gauge.” In spite of 
this, surprisingly little attention has been paid to the 
use of pencil-point needles with CSA. The other 
potential advantage with the use of this type of nee- 
dle is that the side hole would enable a more accurate 
placement of the catheter, as was found in a recent 
study by Standl and colleagues.” Further studies 
need to be performed to evaluate the use of 
pencil-point needles for CSA with reference to the 
incidence of PDPH, particularly in younger patients. 
Recently, a new 22-gauge spinal catheter over a 27- 
gauge needle has been developed with a thin wire 
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attached to the needle, with the tip of the wire protrud- 
ing from the injection end of the catheter (“Spinocath” 
B Braun).” A modified Tuohy needle is placed in the 
epidural space, the “Spinocath” is then pushed through 
the dura into the CSF and the needle is pulled out leav- 
ing the catheter in the CSF. The theoretical advantage 
of this system is that the hole in the dura is the same 
size as the catheter, thus minimizing CSF leak. 
However, there is little published information on this 
technique and prospective studies are needed to evalu- 
ate its use, particularly in younger patients. 


Conclusion 


Continuous spinal anaesthesia is a well established 
technique and has clear advantages over epidural and 
single shot spinal anaesthesia, especially in elderly or 
high-risk patients. CSA offers possibilities of reduced 
interference with the cardiovascular and respiratory 
systems by allowing the anaesthetist to titrate small 
doses of local anaesthetic to reach the required level 
of spinal anaesthesia, and the duration can be 
extended to match the needs of prolonged surgery. 
As with all techniques, proper training is vital for the 
optimal use of CSA. 

The use of 20-gauge catheters for CSA can be 
recommended in older patients (i.e. more than 60 yr) 
in whom the incidence of PDPH is low. Most experi- 
ence of large-bore catheters has been gained with 20- 
gauge catheters and 18-gauge needles, and there 1s 
little published data on the use of 22- or 24-gauge 
catheters. Therefore, it is not possible to say if there is 
any benefit from the use of these thinner catheters. 
Experience to date indicates that there is no advan- 
tage in the use of microcatheters. 

There are little data on the use of CSA in younger 
patients, with particular reference to the incidence of 
PDPH; at present it cannot be recommended for 
routine use in younger patients. In obstetric patients, 
CSA, in common with single shot spinal anaesthesia, 
seems to carry an increased risk of PDPH, which 
reduces its advantages in these patients. 

Bupivacaine (0.25—0.5%) appears to be a safe local 
anaesthetic for use with CSA. The use of short-acting, 
high concentration, hyperbaric local anaesthetics for 
CSA is not recommended . 

In summary, correctly used, CSA is an effective, 
reliable and safe technique. 
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The CYP 3A4 inhibitor itraconazole has no effect on the 


pharmacokinetics ofi.v. fentanyl} 


V. J. PALKAMA, P. J. NEUVONEN AND K. T. OLKKOLA 


Summary 

We studied 10 healthy volunteers given itracona- 
zole 200 mg orally, once daily or placebo for 4 
days in a crossover study. l.v. fentanyl 3 ug kg™ 
was given on day 4. Plasma concentrations of 
fentanyl were measured by radioimmunoassay 
and ventilatory frequency and peripheral arterio- 
lar oxygen saturation were also measured. 
Fentanyl-induced subjective effects (drowsiness, 
itching, nausea, performance, feeling of drug 
effect) were measured by visual analogue scales. 
The pharmacokinetics and pharmacodynamics 
of fentanyl were similar after both itraconazole 
and placebo. Thus although itraconazole is a 
strong inhibitor of the cytochrome 3A enzymes 
responsible for metabolism of fentanyl in vitro, it 
did not affect the i.v. pharmacokinetics of fen- 
tanyl in humans. (Br J. Anaesth. 1998; 81: 
598-600). 


Keywords: analgesics opioid, fentanyl; pharmacology, itra- 
conazole; pharmacokinetics, fentanyl; enzymes, cytochrome 
3A 


Fentanyl is a synthetic opioid and its metabolism is 
mediated by CYP 3A4.’ As there is no information 
on the effect of CYP 3A4 inhibitors on the metabo- 
lism of fentanyl in humans, we have studied the 
possible interaction of the CYP 3A4 inhibitor, 
itraconazole, with i.v. fentanyl. 


Methods and results 


Based on previous studies,” we calculated that eight 
subjects would be required to demonstrate a 20% 
difference in values for fentanyl clearance (which was 
regarded as the primary pharmacokinetic end-point) 
at a level of significance of P=0.05 and a power of 
80%. Thus after obtaining approval from our insti- 
tute and written informed consent, we studied 10 
healthy volunteers (five women), aged 19-24 yr, 
weighing 53~75 kg. None was receiving regular 
medications except for two females who were using 
contraceptive steroids. 

A randomized, double-blind, cross-over study 
design was used at intervals of 4 weeks. Subjects were 
given either itraconazole 200 mg (Sporanox, Janssen, 
Belgium) orally, once daily at 0700 or placebo for 4 
days. On day 4, fentanyl (Fentanyl 50 pg ml”, Janssen, 
Belgium) 3 ug kg” was given i.v., 1 h after oral 
administration of itraconazole/placebo over 2 min. 

Venous blood samples were obtained immediately 
before injection of fentanyl and 0.25, 0.5, 1.5, 2, 3, 4, 


5, 6, 7, 8, 9, 10 and 24 h after administration. Fentanyl 
concentrations were analysed by a specific radioim- 
munoassay method.’ The sensitivity of the method for 
fentanyl was 0.1 ng mI” and the coefficient of variation 
(cv) was 11.8% at mean 0.179 ng ml”, 8.1% at mean 
0.596 ng mI” and 7.6% at mean 2.98 ng ml” (n=6 at 
each concentration). Concentrations of itraconazole 
were analysed by HPLC.* 

Standard non-compartmental methods were used 
to calculate plasma clearance (C) and apparent 
steady state volume of distribution (V”) of fentanyl. 
Elimination half-lives (T,„) were calculated using 
log-linear regression. Peripheral arteriolar oxygen 
saturation (Sp..) was measured continuously during 
the first 2 h after administration of fentanyl, and 
thereafter Sp, was recorded at blood sampling 
together with ventilatory frequency and heart rate 
until 10 h after administration of fentanyl. Subjective 
effects were recorded on five horizontal visual ana- 
logue scales for 10 h at blood sampling (no effects of 
the drug—verv strong effects of the drug; alert— 
drowsy; very good performance—very poor perfor- 
mance; no nausea—lots of nausea; no itching—lots 
of itching). 

Pharmacokinetic and pharmacodynamic variables 
between phases were compared using the Wilcoxon 
matched pairs test. Differences were regarded as 
statistically significant if P<0.05. 

There were no statistically significant differences 
in any of the pharmacokinetic or pharmacodynamic 
variables between phases (fig. 1). Values of Cl, V” and 
T,,, for fentanyl during the placebo phase were mean 
23.9 (sp 9.9) ml kg” min”, 5.2 (1.9) litre kg” and 4.4 
(2.3-6.9) h (median (range)). The corresponding 
values during the itraconazole phase were 22.0 
(12.7) ml kg’ min”, 5.4 (1.9) litre kg” and 4.8 
(2.4-18.2) h, respectively. The elimination half-life 
was not calculated when fentanyl concentration 
decreased to less than the detection limit but then 
exceeded this limit later (one subject in the placebo 
phase and one subject in the itraconazole phase). The 
concentration of itraconazole at the time of adminis- 
tration of fentanyl during the itraconazole phase was 
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fentanyl in 10 subjects during placebo and itraconazole treatments (left), and the subjective drug effects of fentanyl 3 pg 
kg" (visual analogue scale: no effect of the drug—very strong effect of the drug), ventilatory frequency (f) and peripheral 
arteriolar oxygen saturation (right) after pretreatment with oral itraconazole 200 mg or placebo for 4 days in 10 healthy 


volunteers. 


155 (49-412) ng ml” (median (range)). We have 
shown previously that itraconazole at a concentration 
of 80 ng ml" effectively inhibits CYP 3A4.” 


Comment 


In our study, itraconazole had no statistically signifi- 
cant effects on the pharmacokinetics or pharmacody- 
namics of fentanyl. The mean value for V” was 
virtually unchanged by concomitant administration 
of itraconazole, and the small 9% decrease in mean 
fentanyl Ci was not statistically significant. All phar- 
macological effect vs time curves were essentially the 
same between the two phases. 

Fentanyl is metabolized by the CYP3A4 iso- 
enzyme in human liver.’ Itraconazole is a strong 
inhibitor of CYP3A4 in vitro and it has been shown 


to markedly reduce the clearance of substrates of . 


CYP3A4, such as midazolam’ in humans. We were 
unable to identify any effects of itraconazole on 
fentanyl elimination. Compared with alfentanil, the 
elimination of which is strongly inhibited by, for 
instance, concomitant therapy with the macrolide 
antibiotic troleandomycin,* there appears to be some 
discrepancy between fentanyl studies în vitro and in 
humans. In contrast, similar results have also been 
obtained with sufentanil, which is metabolized i 
vitro by CYP3A4 but whose pharmacokinetics in 
humans are also virtually unaffected by prior admin- 
istration of the enzyme inhibitor, erythromycin.’ 

The different effects of the inhibitors of CYP3A4 
on the pharmacokinetics of fentanyl, alfentanil and 
sufentanil in humans can be explained by the differ- 


ences in the pharmacokinetics of these opioids. 
Fentanyl, alfentanil and sufentanil are eliminated 
mainly by metabolism,’ but hepatic extraction ratios 
vary greatly. Alfentanil has an extraction ratio of 
0.3—0.5 and the corresponding values for fentanyl 
and sufentanil are 0.8-1.0 and 0.7—0.9, respectively. 
Because fentanyl has a very high extraction ratio, it 
can be estimated that even rather large changes in the 
activity of the enzymes metabolizing fentanyl are 
unlikely to significantly affect its pharmacokinetics. 
However, clearance of alfentanil is readily altered 
when the activity of CYP3A4 enzymes change.‘ 

In our study, small doses of fentanyl were used. 
Because healthy volunteers were studied, higher doses 
would have necessitated the use of opioid antagonists 
or alternatively the study could have been performed 
during clinical anaesthesia. However, both of these 
alternatives might have disturbed the assessment of 
the possible interaction between itraconazole and fen- 
tanyl, as all drugs administered concomitantly may 
interact with each other. Therefore, we chose to study 
healthy volunteers using a fentanyl dose which is 
commonly used during induction of general anaes- 
thesia. Although our study did not allow definitive 
conclusions on the possible effect of oral itraconazole 
on higher doses of fentanyl, it can be anticipated that 
itraconazole causes no major changes in the pharma- 
cokinetics of the usual doses of fentanyl administered 
during surgery. In these instances, fentanyl can be 
used in normal doses with itraconazole and probably 
also with other CYP3A4 inhibitors. Further studies 
are needed to evaluate the effect of itraconazole on 
high-dose fentanyl anaesthesia. 
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Thiopental attenuates relaxation and cyclic GMP production in 
vascular smooth muscle of endotoxin-treated rat aorta, independent 


of nitric oxide production 


S. O. Kim, H. Topa, K. Nakamura, I. Mryawakt, H. HIRAKATA, S. HIRATA AND K. MORI 





Summary 


As thiopental (thiopentone) suppresses cyclic 
GMP (cGMP) formation produced by nitric oxide 
donor drugs, we have tested if it suppresses 
cGMP formation and increases vascular tone 
after induction of calcium—calmodulin-indepen- 
dent nitric oxide synthase (INOS). Rat aortic 
rings were treated with Escherichia coli 
lipopolysaccharide (LPS) 1 pg ml" for 4 h, and 
the effects of thiopental on tension, cGMP con- 
centrations and nitrite accumulation were deter- 
mined. Thiopental 0.3 mmol litre’ reduced the 
tension of phenylephrine-precontracted aortic 
rings before LPS treatment, but caused no signif- 
icant effects on tension in the presence of 
L-arginine 10 umol litre’ after LPS treatment. 
L-Arginine 1 umol litre’ to 1 mmol litre” 
increased concentrations of cGMP in LPS- 
treated aorta in a concentration-dependent man- 
ner. This was reduced by thiopental 0.3-1 mmol 
litre’. Treatment with L-arginine 1 mmol litre” 
increased concentrations of nitrite, the end prod- 
uct of nitric oxide; this was not affected by 
thiopental 1 mmol litre’. We conclude that 
thiopental suppressed cGMP formation in iNOS- 
induced vascular smooth muscle without affect- 
ing nitric oxide production. (Br. J. Anaesth. 1998; 
81: 601-602). 


Keywords: pharmacology, nitric oxide; anaesthetics iv., 
thiopental; muscle vascular,responses; rat 


Expression of calcium—calmodulin-independent 
nitric oxide synthase (iNOS) is one aspect of the 
pathogenesis of profound hypotension in septic 
patients.'” Constitutive nitric oxide synthase (cCNOS), 
which includes endothelial (eNOS) and neuronal 
(nNOS) nitric oxide synthase, is activated only when 
cytosolic calcium is increased. However, INOS con- 
verts L-arginine to nitric oxide, independent of cal- 
cium. Nitric oxide activates guanylate cyclase (GC) 
and increases production of cyclic GMP (cGMP), 
which then leads to vasorelaxation. 

Until now, no anaesthetic has been shown to sup- 
press the effect of iNOS.’ Kesler and colleagues” 
showed that thiopental augmented iNOS induction 
in vascular smooth muscle, but the effect on cGMP 
production, when iNOS was induced, was not exam- 
ined. As thiopental (thiopentone) strongly suppresses 
cGMP formation induced by a nitric oxide donor 
drug, in addition to that induced by activation of 


eNOS and nNOS, * we anticipated that this anaes- 
thetic may also suppress cGMP formation induced 
by iNOS. Therefore, we have tested this hypothesis 
by evaluating the effect of thiopental on tension 
and production of nitric oxide and cGMP in 
endotoxin-treated vascular smooth muscle. 


Methods and results 


In accordance with the standards of the Kyoto 
University Animal Use Committee, descending 
thoracic aortae were harvested from Wistar rats 
(weighing 250-350 g). Four to six endothelium- 
denuded ring segments were prepared from each 
aorta and placed in Krebs bicarbonate solution of the 
following composition (mmol litre”): NaCl 118.2, 
KCl 4.6, CaCl, 2.5, KELPO, 1.2, MgSO, 1.2, 
NaHCO, 24.8, glucose 10 (pH 7.35-7.45), which 
was aerated with a mixture of 95% oxygen and 5% 
carbon dioxide and maintained at 36.5-37.5°C. The 
aortic rings, except for those for the time-controlled 
studies, were bathed in Krebs solution containing 
Escherichia coli lipopolysaccharide (LPS) 1 pg mI" for 
4h, and then washed and equilibrated for 1 h. 
Vascular rings for measurement of isometric ten- 
sion were mounted under a resting tension of 3.0 g. 
After attainment of equilibrium, the rings were 
exposed to KCl 30 mmol litre” to induce contrac- 
tion, which was taken as the 100% level for each ring 
throughout the experiment. The absolute value for 
KCl-induced contractions was 585 (SEM 217) mg 
(n=26). Rings were then exposed to acetylcholine 
10 pmol litre’ to confirm endothelial denudation. 
None showed relaxation in response to acetylcholine. 
After washing, the rings were exposed to phenyl- 
ephrine 0.3 umol litre’ to induce sustained contrac- 
tion (189 (9.2) %, n=26). Subsequent exposure to 
thiopental 0.3 and 1 mmol litre’ reduced the tension 
to 154 (8.2) % (P=0.0030) and 33.2 (5.8) % 
(Ps0.0001), respectively (n=13 each). After LPS 
treatment, addition of phenylephrine 0.3 umol ml” to 
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the bath produced sustained contraction (162 
(10.7) %, n=26). The subsequent 10 min of exposure 
to L-arginine 10 pmol ml” decreased this tension to 
59.7 (9.6) % (Ps0.0001) (n=12), while L-nitro-N-argi- 
nine (L-NNA) 30 pmol mI” increased it to 231 
(14.8) % (Ps0.0001) (n=14). Exposure to thiopental 
0.3 and 1 mmol litre” did not affect the tension of L- 
arginine-exposed rings but the response of L-NNA- 
exposed rings to thiopental was similar to that of 
LPS-untreated rings. 

The rings for cGMP and nitric oxide measurements 
were suspended in organ baths without tension, 
treated with LPS and, after washing, with thiopental 
0.3 or 1 mmol litre or without (control) for 20 min. 
Those for cGMP measurement were exposed to 
L-arginine 1 pmol litre’ to 1 mmol litre” for 12 min. 
cGMP content in each sample was assessed by 
radioimmunoassay. * cGMP production in LPS- 
treated aortae was dependent on the concentration 
of L-arginine, and was suppressed by thiopental 
0.3-1 mmol litre” (fig. 1). - 

Rings for assessment of nitric oxide formation 
were transferred to plastic microtubes containing 
1 ml of Krebs solution with L-arginine 1 mmol ml”, 
with or without thiopental 1 mmol litre”, and incu- 
bated for 10 min. A sample of bath fluid was mixed 
with 8 vol% of Aspergillus nitrate reductase 5 iu ml” 
and 40 vol% 8-NADPH 500 mmol litre”, and equili- 
brated at room temperature for 1 h to allow conver- 
sion of nitrate to nitrite.” Nitrite concentration was 
measured using a nitric oxide analyser (NOA Model 
270B, Sievers Research Inc., Boulder, CO, USA). 
The increases in nitrite in iNOS-induced aortae 
during 10 min of incubation in the absence and pres- 
ence of thiopental 1 mmol litre’ were 49.2 (19.3) 
and 52.2 (14.0) pmol/g wet weight, respectively 
(P=0.9024) (n=6 each). 

The effects of thiopental on tension were analysed 
using the Student’s ¢ test for paired data and the 
effects on nitrite production were analysed using the 
Student’s ¢ test for unpaired data. Other analyses 
were by factorial analysis of variance (ANOVA) with 
Scheff’s F test, or repeated measure ANOVA. Data 
are expressed as mean (SEM), m=number of animals 
tested and differences at P<0.05 were considered 


significant. 


Comment 


Our finding that thiopental decreased cGMP con- 
centrations without altering nitric oxide formation 
clearly indicates that this anaesthetic decreases GC 
activity or augments cGMP breakdown in iNOS- 
expressed vascular smooth muscle. In spite of a 
marked decrease in cGMP concentration, thiopental 
at the concentrations tested {which were higher than 
clinically relevant concentrations’) did not alter the 
tension of iNOS-induced vascular smooth muscle. 
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Figure 1 Modification of CGMP concentrations by thiopental in 
LPS-treated aortic rings. After LPS treatment, some rings were 
untreated (centrol) or treated with thiopental (T) 0.3 or 1 mmol 
litre” for 10 min, and then some rings were exposed to L-arginine 

1 pmol litre’ to 1 mmol litre” for 12 min. The rings were quickly 
frozen ın liquid nitrogen, homogenized in 6% v/v trichloroacetic 
acid and subjected to ether extraction and succinylation. cGMP in 
each sample was assessed by radioimmunoassay using a Yamasa 
cGMP assay kit (Yamasa Shoyu Co., Chiba, Japan), n=5-7 each. 


This may be because thiopental, at these concentra- 
tions, has vasodilator effects, mainly as a result of 
suppression of calcium sensitivity of vascular smooth 
muscle.‘ Thus our study failed to show that thiopen- 
tal ameliorated vascular collapse caused by activation 
of iNOS. However, as anaesthetic management is 
mandatory in some septic cases and almost all anaes- 
thetics have vasodilator effects, thiopental may be 
still more beneficial than other anaesthetics in some 
septic cases. 
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Patient-controlled interscalene analgesia with ropivacaine after major 


shoulder surgery: PCIA vs PCA 


A. BORGEAT, E. TEwWEs, N. BIASCA AND C. GERBER 


Summary 

We have compared the efficacy of patient-con- 
trolled interscalene analgesia (PCIA) using ropi- 
vacaine with patient-controlled analgesia (PCA) 
using nicomorphine in 60 patients (n=30 in each 
group), in a prospective, randomized study. In 
both groups, all patients received interscalene 
block with 0.75% ropivacaine before induction of 
anaesthesia. Six hours after interscalene block, 
patients in group PCIA received continuous infu- 
sion of 0.2% ropivacaine at a rate of 5 mi h” with 
a bolus dose of 3 or 4 ml and a lockout time of 20 
min; patients in group PCA received continuous 
infusion of nicomorphine 0.5 mg h“ and a bolus 
dose of 2 or 3 mg with a lockout time of 20 min. 
Control of pain was significantly better from 12 
to 48 h after operation (except at 42 h) in group 
PCIA. Nausea and pruritus occurred significantly 
more frequently in group PCA. Patient satisfac- 
tion was greater in group PCIA. We conclude that 
the use of 0.2% ropivacaine using PCIA was an 
efficient way of managing pain after major 
shoulder surgery and compared favourably with 
PCA nicomorphine in terms of pain relief, side 
effects and patient satisfaction. (Br. J. Anaesth. 
1998; 81: 603-605). 


Keywords: anaesthetics local, ropivacaine; analgesics 
opioid, nicomorphing; analgesia, patient-controlled; surgery, 
orthopaedic 


Severe postoperative pain, particularly within the 
first 48 h after operation, is frequently observed after 
major shoulder surgery.’ Adequate management of 
pain after surgery is important, not only to improve 
the patient’s well being, but also to facilitate recovery. 

Interscalene block is a recognized effective means 
of providing anaesthesia—analgesia for shoulder 
surgery. Use of long-acting local anaesthetics pro- 
vides prolonged postoperative analgesia and reduces 
the need for opioids and the incidence of associated 
side effects. Recently, we have shown that patient- 
controlled interscalene analgesia (PCIA) with bupi- 
vacaine was superior to patient-controlled analgesia 
(PCA) with nicomorphine in the management of 
postoperative pain after major shoulder surgery.’ 
Ropivacaine has less cardiotoxicity and a greater 
degree of separation between motor and sensory 
block compared with bupivacaine.‘ To our knowl- 
edge, there are no studies on continuous infusion of 
ropivacaine and major shoulder surgery. In this 
study, we have assessed and compared the efficacy of 
PCIA with ropivacaine and PCA with nicomorphine 
after shoulder arthroplasty or rotator cuff repair. 


Methods and results 


After obtaining approval from the Institutional 
Ethics Committee and written informed consent, we 
studied prospectively 65 adults of both sexes, ASA I 
or II, aged 18—75yr, weighing 50-100 kg, undergo- 
ing elective shoulder arthroplasty or rotator cuff 
repair. Exclusion criteria were contraindications to 
interscalene block, including severe bronchopul- 
monary disease, known allergy to ropivacaine or opi- 
oids, prior analgesic treatments with opioids and 
pain in the shoulder as a result of other pathologies. 
Patients were allocated randomly to one of two 
groups (PCIA or PCA) according to a computerized 
randomization list. All patients had an interscalene 
block performed before induction of general anaes- 
thesia. In both groups, the interscalene brachial 
plexus was identified using a nerve stimulator 
(Stimuplex, DIG, B. Braun Melsungen AG, 
Melsungen, Germany) connected to the proximal 
end of the metal inner needle of a plastic cannula 
(Contiplex, B. Braun Melsungen AG, Melsungen, 
Germany). Placement of the needle was considered 
successful when a group of muscles distal to the del- 
toid was stimulated with a threshold stimulation of 
less than 0.5 mA. 

In both groups, interscalene block was performed 
with 0.75% ropivacaine (Naropin) 30 ml. In the 
PCIA group, a catheter (Contiplex, od 0.85 mm) was 
introduced distally within the interscalene sheath for 
up to 7-8 cm and fixed to the skin with adhesive 
tapes. In this group, interscalene block was per- 
formed by administering ropivacaine through the 
catheter, after it was placed within the interscalene 
sheath. In the PCA group, interscalene block was 
performed by administering ropivacaine when the 
stimulation needle was adequately placed. 
Interscalene block was confirmed in all patients by 
sensory (inability to recognize cold temperature) and 
motor (inability to extend the arm) block involving 
the radial and median nerves, within 20 min after 
administration of the local anaesthetic. 

General anaesthesia was similar for all patients. 
Patients were premedicated with midazolam 0.1 mg 
kg” orally, 1 h before anaesthesia. After completion 
of interscalene block, anaesthesia was induced with 
propofol 1.5-2 mg kg’ and maintained with propofol 
8-10 mg kg’ h”. Tracheal intubation was facilitated 
with rocuronium 0.8 mg kg™, and fentanyl 2-3 ug kg” 





ALAN Borcgat, MD, Eva Tewes, MD (Department of 

Anaesthesiology); Nıcora Biasca, MD, CHRISTIAN GERBER, MD 

(Department of Orthopaedic Surgery) Orthopaedic University 

Clinic of Zurich/Balgrist, Forchstrasse 340, CH-8008 Zurich, 

Switzerland. Accepted for publication. May 19, 1998. 
Correspondence to A. B. 


604 


was given within the first 20 min after induction. For 
all patients, infusion of either ropivacaine via the 
interscalene catheter or i.v. nicomorphine was started 
in the recovery room, 6 h after the initial interscalene 
block. 

Group PCIA (Pain Management Provider/Abbott 
Lab., North Chicago, IL, USA) received continuous 
infusion of 0.2% ropivacaine at a rate of 5 ml h™ and 
a bolus dose of 4 ml (8 mg) for patients >65 kg and 
3 ml (6 mg) for patients <65 kg, with a lockout time 
of 20 min, via the interscalene catheter. At the same 
time, group PCA (Pain Management Provider/ 
Abbott Lab.) received continuous infusion of nico- 
morphine 0.5 mg h` and a bolus dose of 3 mg for 
patients >65 kg and 2 mg for patients <65kg, with a 
lockout time of 20 min. The study was ended 48 h 
after the initial interscalene block. If pain was not 
controlled adequately (pain score >40 on the visual 
analogue scale), patients received paracetamol 1 g i.v. 
to a maximum dose of 6 g per day. 

A research nurse, not involved in the intraoperative 
part of the study, was responsible for asking the 
patient about pain scores, appearance of side effects, 
patient satisfaction and recording technical problems 
associated with PCA or PCIA pumps. Pain was 
assessed using a visual analogue scale, from O=no 
pain to 100=worst pain imaginable, at the time inter- 
scalene block was performed (r=0), at the beginning 
of PCIA or PCA (t=6) and every 6 h for the next 
42h. 

The incidence of nausea, vomiting, pruritus or 
other side effects was noted. The time of the first 
PCIA or PCA was checked, in addition to the num- 
ber of paracetamol supplements needed. Nausea and 
pruritus were recorded only when patients asked for 
treatment. Nausea and vomiting were treated by 
tropisetron 2 mg i.v. and pruritus by propofol 10 or 
20 mg i.v., repeated as necessary.” 

Motor block was considered present when the 
patient complained of difficulties in flexing or 
extending any of the fingers, 12 h after interscalene 
block. Patient satisfaction, assessed 6 h after the end 
of the study, was evaluated using a visual analogue 
scale, from 0=not satisfied to 10=entirely satisfied. 

Results are reported as mean (sD). Patient data 
were compared using one-way analysis of variance, 
pain score (VAS) by the Mann-Whitney test with 
Bonferroni’s correction for multiple comparisons, 
patient satisfaction, time of first bolus and paraceta~- 
mol supplements by the Mann-Whitney test, and side 
effects with Fisher’s exact test. For all determinations, 
P<0.05 was considered significant. 

The two groups were comparable in patient char- 
acteristics and surgical data. Five patients were 
excluded from the study: three in group PCIA and 
two in group PCA. In two patients in group PCIA, 
the interscalene catheter was accidentally pulled out 
while in the other, insertion of the catheter within the 
interscalene sheath could not be achieved. In group 
PCA, one patient was withdrawn after 18 h because 
of intractable vomiting secondary to nicomorphine 
while the other asked to be withdrawn from the study 
after 30 h as he felt dizzy every time he pushed the 
PCA switch. The time of the first PCIA or PCA bolus 
was similar in both groups. There was no significant 
difference between groups in the mean dose of 
supplementary paracetamol (table 1). 
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Table1 Side effects and analgesic requirements in the two 
groups. Number (n) of patients or mean (sp). *P<0.05 


PCIA group PCA group 
Nausea (n) 3* 14 
Vomiting (n) 2 8 
Pruritus (7) o* 8 
Motor block in) 6 4 
Time of first bolus (min) 930 (444) 786 (276) 
Paracetamol supplement (g) 2.1 (3.3) 3.5 (3.4) 
Patient satisfaction 9.6 (0.7)* 7.5 (2.4) 


Range (7-10) (2-10) 


Pain scores were similar in both groups at the time 
the interscalene block was performed (0) and 
when PCIA and PCA was started (2=6). Except for 
42 h after operation, pain scores were significantly 
decreased at all times (12,18, 24, 30, 36 and 48 h) 
(P<0.05) (fig. 1). 

Side effects during the study are summarized in 
table 1. Nausea and pruritus were observed less 
frequently in group PCIA (P<0.05). Vomiting was 
less frequent in group PCIA (ns). Motor block was 
comparable in both groups. 

Patient satisfaction was significantly greater in the 
PCIA group (P<0.05) (table 1). 


Comment 


We have skown that 0.2% ropivacaine via an inter- 
scalene catheter provided efficient control of postop- 
erative pain after major shoulder surgery, and was 
associated with a low incidence of side effects and 
high patient satisfaction. 

Continuous infusion of ropivacaine 10 mg h” was 
chosen, as according to pharmacodynamic differ- 
ences,’ this dose may be considered equivalent to 
bupivacaine 7.5 mg h`“, which was satisfactory in our 
previous study. A background infusion was used as 
patients showed a high degree of satisfaction in our 
first study.” The dose of nicomorphine was unchanged 
from our previous investigation as we observed a 
favourable ratio between analgesic treatment and side 
effects.’ A background infusion of nicomorphine was 
also given to avoid methodological bias, knowing that 
PCA with a concurrent infusion did not show any 
advantages compared with PCA alone.’ Study dura- 
tion was limited to the first 48 h after operation, as 
it was well demonstrated that after major shoulder 
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Figure 1 Pain assessment by visual analogue scale (VAS, 0-100 
mom) (mean, sp) ın the patient-controlled analgesia (PCA) and 
patient-controlled interscalene analgesia (PCIA) groups 
(*P<0.05). 


PCIA roptvacaine vs PCA after shoulder surgery 


surgery, the most severe pain occurred within this 
time interval. 

Clinical experience with ropivacaine and peripheral 
block is still limited. Nolte, Fruhstrorfer and Edstrom® 
demonstrated in a dose-response study in human 
volunteers undergoing bilateral nerve block that 
ropivacaine was maximally effective at concentra- 
tions of 0.5-0.75%, with a profile of action similar to 
bupivacaine. This is in accordance with our initial 
bolus of 0.75% ropivacaine. Hickey and colleagues’ 
compared the effectiveness of 0.25% ropivacaine and 
0.25% bupivacaine in patients receiving interscalene 
block for upper extremity surgery and found that 
both drugs were inadequate for this type of surgery. 
The same authors, using the same technique, investi- 
gated the efficacy of 0.5% ropivacaine with or with- 
out epinephrine (adrenaline) for shoulder surgery.” 
They found that 0.5% ropivacaine, even without 
epinephrine, provided excellent sensory and motor 
block of prolonged duration in 87% of patients. This 
is slightly lower than the incidence observed in our 
study (100%) but may be explained by the higher 
concentration (0.75%) used in our study. 

In group PCA, VAS satisfaction was 7.5; this value 
is similar to that found in our previous study.°’ 
Difference in the scale used and type of surgery 
may explain the slightly lower value reported in our 
study compared with that found in the literature 
(90-95%). The incidence of vomiting (27%) was 
comparable with the 25% found in the first study’ 
and is within the usual range of the incidence of 
vomiting after general anaesthesia and PCA.’ The 
incidence of pruritus (25%) was also comparable 
with previous work.’ In the PCIA group, VAS satis- 
faction was 9.6. This value is similar to that reported 
after bupivacaine using a similar protocol.” 

The study design may be criticized by the 
unblinded nature of the study. In order to minimize 
this bias, a nurse in the pain clinic, not involved in the 
study or informed directly about its aims, was asked 
to collect the data. 

In summary, we have demonstrated the efficacy of 
continuous infusion of 0.2% ropivacaine using a 
PCIA technique to manage pain after major shoulder 
surgery. PCIA with ropivacaine compared favourably 
with PCA nicomorphine in this clinical setting in 
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terms of quality of analgesia, side effects and patient 
satisfaction. In view of the lesser potential for toxicity 
and its pharmacokinetic properties, ropivacaine may 
be an advantageous and safer alternative to bupiva- 
caine to provide analgesia. 
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Remifentanil prevents an increase in intraocular pressure after 
succinylcholine and tracheal intubation} 


R. ALEXANDER, R. Hii, W. J. Liepuam, K. J. WEATHERWAX AND H. E. EL-MOALEM 


Summary 

We have studied changes in intraocular pressure 
(IOP) in 30 patients after succinylcholine (suxa- 
methonium) and tracheal intubation following 
administration of propofol 2 mg kg” and either 
remifentanil 1 ug kg” (group R) or saline (group 
S). IOP was measured before induction, before 
administration of succinyicholine and the study 
drug, before intubation and for every 1 min after 
intubation for 5 min. There was a significant 
decrease in lOP in group F compared with group 
S from the time of administration of the study 
drugs to the end of the study (P<0.006). (Br. J. 
Anaesth. 1998; 81: 606-607). 


Keywords: eye, Intraocular pressure; analgesics opioid, 
remifentanil; neuromuscular block, succInylcholine 





Remifentanil is a new, ultra-short acting, selective, 
mu-receptor agonist which is 20-30 times more 
potent than alfentanil.’ Its ester linkage renders it 
susceptible to hydrolysis by blood and tissue non- 
specific esterases resulting in a short terminal half- 
time of less than 10 min at the site of action. 

Succinylcholine (suxamethonium) is used to facili- 
tate rapid tracheal intubation in patients who are at 
risk of aspiration of gastric contents. However, 
administration of succinylcholine and tracheal intu- 
bation are associated with an increase in intraocular 
pressure (IOP).’ Alfentanil 10 pg kg” attenuates this 
increase in IOP’ but may be associated with respira- 
tory depression, especially in an elderly population. 
Remifentanil has a therapeutic profile that may make 
it a suitable alternative to alfentanil; it has a rapid 
onset (time to peak effect 60-70 s), is metabolized 
rapidly, and therefore respiratory depression should 
be short-lived. 

We have studied the efficacy of remifentanil in pre- 
venting an increase in JOP after administration of 
succinylcholine and tracheal intubation in a double- 
blind, randomized study. 


Methods and results 


After obtaining approval =rom our Institutional 
Review Board and written, informed consent, we 
studied 34 patients (ASA I or ID) undergoing elective 
eye surgery. Exclusion criteria included a history of 
glaucoma, oesophageal reflux or hiatus hernia, aller- 
gies to any of the study drugs and administration of 
sedative or opioid drugs in the previous 24 h. 

Patients were allocated rendomly to one of two 
groups: group R received remifentanil 1 pg kg” 


diluted to 5 ml with normal saline and group S 
received normal saline 5 ml. Patients were premed- 
icated with midazolam 0.03 mg kg” i.v., 10 min 
before anaesthesia. Monitoring of ECG, heart rate 
CHR), peripheral arterial haemoglobin oxygen satu- 
ration (SPa) and mean arterial pressure (MAP) 
was commenced. Tetracaine 0.5% drops were admin- 
istered to the non-operated eye and IOP was 
measured using an applanation tonometer (Tono- 
Pen XL, Mentor O&O, Inc. Norwell, MA, USA) 
(time 1). 

After 3 min of preoxygenation, anaesthesia was 
induced with propofol 2 mg kg" at an infusion rate of 
40 mg every 10 s. MAP, HR and IOP were measured 
after loss of consciousness (time 2) and succinyl- 
choline 1 mg kg” was administered followed by the 
study drug, given as a bolus. At 60 s, measurements 
were repeated and laryngoscopy and tracheal intuba- 
tion performed (time 3). Further measurements of 
MAP, HR and IOP were obtained every 1 min after 
tracheal intubation for 5 min (times 4-8). The anaes- 
thetist performing the intubation and the surgeon 
measuring IOP were unaware of which study drug had 
been administered. Anaesthesia was maintained with 
1% isoflurane and 66% nitrous oxide in oxygen, and 
the lungs were ventilated to normocapnia. There was 
no further stimulation of the patient during the study. 

Wilcoxon two-sample rank sum test was used to 
compare patient data and MAP, HR and IOP at each 
time. Bonferroni correction was applied for multiple 
comparisons resulting in a significance level of 0.006. 
Repeated measures ANOVA was used to compare 
times 2-8 with time 1. P<0.0035 was considered sta- 
tistically significant using Bonferroni correction. 
Randomization of patients was achieved using a 
computer-generated table. 

We studied 15 patients in each group. Four 
patients were excluded for coughing or gagging dur- 
ing the 5-min period after intubation. There were no 
differences between groups in patient data. Mean age 
and weight in groups S and R were 59.5 (range 
33-75) yr and 58.6 (31-78) yr, and 72.8 (sp 12.3) kg 
and 73.2 (11.9) kg. The number of males in each 
group was 10 and nine, respectively. 
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Table 1 Multiple compansons of arterial pressure, heart rate (HR) and intraocular pressure (IOP) at times 1-8 ın group S (n=15) and 
group R (#=15) (mean (sp) [range]). Time 1 = before induction, 2 = before study drug, 3 = before intubation, 4-8 = every 1 min after 


intubation for 5 min. *P<0.006 


Time 
1 2 3 
MAP (mm Hg) 
Group S 97 (13) 80 (15) 96 (22)* 
(76-115] [51-108] [73-142] 
Group R 97 (17) 86 (23) 71 (23) 
[70-139] [62-136] [52-116] 
HR (beat min”) 
Group S$ 68 (11) 71 (10) 78 (10) 
[49-85] [48-87] [63-98] 
Group R 72 (12) 77 (13) 72 (19) 
[54-90] [56-102] [46-86] 
IOP (mm Hg) 
Group S 16.4 (3.1) 11.7 (3.4) 16.5 (3.2)* 
[9-21] [6-16} [9-22] 
Group R 17.1(32) 12.1 (26) 13 (2.8) 
[12-23] [8-16] [8-17] 





There was a significant decrease in MAP in group 
R from times 2-8 compared with time 1 (baseline) 
but only at time 2 in group S (P<0.003). After intu- 
bation, MAP increased significantly compared with 
baseline in group S at times 4-5. There was no differ- 
ence in HR in group R at times 2-8 compared with 
baseline but there was an increase in group S from 
times 4-8 (P<0.003). There was a significant 
decrease in IOP in group R at times 2-8 and an 
increase in group S at times 3—6 compared with time 
1 (P<0.003). There was a significant difference in 
IOP in group R compared with group S from times 
3-8 (P<0.006) (table 1). 


Comment 


Our results showed an increase in IOP above baseline 
in group S with administration of succinylcholine 
and tracheal intubation. This was associated with an 
increase in MAP and HR after the haemodynamic 
response to laryngoscopy and tracheal intubation. 
Remifentanil 1 pg kg’ blunted this response, with no 
significant change in IOP after induction of anaes- 
thesia (table 1). 

The use of succinylcholine is controversial in 
patients with penetrating eye injuries. The increase in 
IOP after administration of succinylcholine may 
depend on the timing and dose of the drug, special 
tonic response of the Felderstruktur fibres in the 
extraocular muscles or a direct effect of succinyl- 
choline on choroidal blood volume or aqueous 
humour formation.“ The risk of vitreous expulsion as 
a result of increased IOP needs to be balanced 
against the risk of aspiration of gastric contents. 
However, previous studies have shown that laryn- 
goscopy and intubation are associated with a greater 
increase in IOP than succinylcholine.’ 

Normal IOP ranges from 15 to 20 mm Hg. The 
mechanisms by which opioids may decrease IOP 
include relaxation of the intra- or extraocular mus- 
cles, and facilitation of outflow or a decrease in pro- 





4 5 6 7 8 

123 (23)* 117(20)* 113 (21)* 103(16)* 100 (16)* 
[76-166] [78-136] [73-137] [75-138] [73-131] 
75 (29) 71 (26) 68 (23) 67 (22) 67 (20) 
[49-138] [45-138] [46-138] [48-136] [48-125] 
91 (15)* 87 (13)* 85 (13)* 81 (14) 79 (14) 
[69-119] [64-111] [64-108] [55-107] [60-106] 
71 (19) 69 (16) 68 (16) 67 (15) 66 (13) 
[44-88] [45-85] [42-84] [40-82] [40-87] 
24.2 (4.5)* 23.7 (5.6)* 21.6(4.5)* 20.4 (4.6)* 187(49)* 
[18-35] [17-35] [14-33] [14-33] [14-32] 
12.7 (2.6) 12.7 (2.8) 12.4 (2 5) 11.9(2.5) 11.1 (2.2) 
[9-16] [9-18] [8-16] [8-17] [6-14] 


duction of aqueous humour.” Remifentanil, adminis- 
tered as an infusion to provide sedation for oph- 
thalmic surgery, was associated with a significant 
decrease in IOP compared with alfentanıl.‘ 

Remifentanil 1 pg kg’ produced a maximum 
decrease in IOP within 1 min after injection. 
Therefore, it may be administered at the same time 
as the induction agent during rapid sequence induc- 
tion to facilitate smooth laryngoscopy and intubation 
of the trachea, in addition to preventing the hyper- 
tensive response and increase in JOP. However, 
remifentanil has a short duration of action. Other 
opioids or neuromuscular blocking agents may need 
to be administered to prevent coughing which can 
also result in an increase in IOP when the effects of 
succinylcholine wear off. 

In summary, we conclude that administration of 
remifentanil 1 pg kg” after induction of anaesthesia 
with propofol 2 mg kg” prevented an increase in IOP 
associated with administration of succinylcholine 
and tracheal intubation. 
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Airway control during percutaneous dilatational tracheostomy: pilot 
study with the intubating laryngeal mask airway 


C. VERGHESE, J. RANGASAMI, A. KAPILA AND T. PARKE 


Summary 

Percutaneous dilatation tracheostomy has 
become a common procedure for bedside inser- 
tion of tracheostomy tubes in the intensive care 
unit. Management of the airway during the pro- 
cedure using the laryngeal mask airway (LMA) 
and other methods has been described. The 
intubating laryngeal mask airway has several 
potential benefits for airway management dur- 
ing percutaneous dilatation tracheostomy com- 
pared with the LMA. These include the use of 
both the fibreoptic bronchoscope and tracheal 
tube if necessary. We report the results of a pilot 
study of 10 patients that illustrates these advan- 
tages. (Br. J. Anaesth. 1998; 81: 608-609) 


Keywords: airway, management; equipment, masks anaes- 
thesia; intubation tracheal; surgery, tracheostomy 





Percutaneous dilatational tracheostomy is a widely 
used alternative to formal surgical tracheostomy in 
the intensive care unit ICU). It involves insertion of a 
needle and guidewire into the trachea followed by 
progressive dilatation of the resultant tract and 
placement of a tracheostomy tube. Before insertion of 
the needle into the trachea, the cuff of the tracheal 
tube is deflated and withdrawn so that the cuff is just 
seen at the vocal cords on direct laryngoscopy. Failure 
to correctly position the tracheal tube may result in 
cuff puncture, tube transection by the needle or acci- 
dental extubation, leading to loss of the airway. There 
are also problems resulting from the anaesthetist and 
operator competing for access to the patient’s airway. 
The use of the laryngeal mask airway (LMA) during 
percutaneous dilatational tracheostomy avoids some 
of these difficulties.’ However, there remains the pos- 
sibility of aspiration of gastric contents, while re-intu- 
bation via the LMA is limited by difficulty in aligning 
the LMA inlet with the larynx and the need to use a 
small (6.0 mm) tracheal tube. 

Recently, the intubating LMA has been introduced 
into clinical practice as a ventilatory device and blind 
intubation guide. °’ The intubating LMA consists of 
an anatomically curved, short, wide-bore stainless 
steel tube sheathed in silicone which is bonded to a 
laryngeal mask cuff and a guiding handle. Sizes 3, 4 
and 5 are available, which can accommodate 8-mm, 
8.5-mm and 9-mm tracheal tubes, respectively. We 
postulated that the intubating LMA could be used as 
an airway on its own during percutaneous dilata- 
tional tracheostomy. This would allow safe with- 
drawal and reinsertion of a tracheal tube if required 
and could be used as a conduit for the passage of a 


fibreoptic bronchoscope without interrupting inter- 
mittent positive pressure ventilation (IPPV). 


Methods and results 


Informed consent was obtained from relatives of 10 
patients undergoing elective percutaneous dilata- 
tional tracheostomy. All patients had been “fasted” for 
4—6 h before the procedure and were receiving stan- 
dard monitoring, including pulse oximetry and inva- 
sive arterial pressure measurements. Monitoring of 
intracranial pressure was performed in two patients. 
All patients were sedated by infusion of propofol and 
alfentanil and the infusion rates were increased until 
patients were suitably anaesthetized; neuromuscular 
block was produced with atracurium 0.5 mg kg”. 

Thorough suctioning of the oropharynx and naso- 
gastric tube was performed and inspired oxygen 
increased to 100%. A deflated intubating LMA (size 4 
for females, size 5 for males) was inserted behind the 
tracheal tube using the recommended technique and 
the cuff of the intubating LMA inflated to a pressure 
of 60 cm FLO. The cuff of the tracheal tube was then 
deflated and the tracheal tube removed. IPPV was 
continued initially by connecting the ventilator 
breathing system directly to the intubating LMA. 
Manipulation of the intubating LMA handle allows 
air leaks around the cuff to be minimized during 
IPPV. If ventilation was satisfactory, as judged by ade- 
quate chest movement, minimal air leak and stable 
vital signs, percutaneous dilatational tracheostomy 
proceeded with the intubating LMA alone. 
Percutaneous dilatational tracheostomy was per- 
formed using the Cook system (Cook Critical Care 
Systems, USA) in all patients. If IPPV was not wholly 
satisfactory with the intubating LMA alone, then a 
7.0-, 7.5- or 8.0-mm reinforced straight silicone tra- 
cheal tube with a proprietary tip (Euromedical, 
Malaysia) was introduced via the intubating LMA 
with fibreoptic bronchoscope guidance to position the 
tip of the tracheal tube just below the vocal cords. 
Correct siting and function of the tracheostomy tube 
were confirmed by chest x-ray in all patients. 


Comment 


Patients requiring respiratory support usually have a 
tracheal tube to secure the airway in the first instance. 
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Airway control during percutaneous dilatational tracheostomy 


Table 1 Patient characteristics and ventilatory variables. PSV = Pressure support ventilation, SIMV = synchronized intermittent 
mandatory ventilation, PCIRV = pressure controlled inverse ratio ventilation. * Peak pressure not recorded 


Patient Sex Age 

No. Diagnosis (F/M) w 

I Diverncular abscess F 76 
plus sepsis 

2 ARDS following freshwater M 64 
drowning 

3 Septic complicanons and F 66 
IDDM 

4 Head injury and cerebral M 22 
oedema 

5 Abdominal sepsis and F 72 
respiratory failure 

6 Multiorgan failure F 66 

7 Meningococcal sepsis M 39 

8 Multiple trauma with head M 50 
injury 

9 Multiorgan failure F 60 

10 Multiorgan failure M 64 


If prolonged ventilatory support is anticipated, a tra- 
cheostomy is often considered. There is no agreement 
as to the optimal time for conversion from translaryn- 
geal intubation to tracheostomy.‘ Our preferred tech- 
nique for tracheostomy is percutaneous dilatational 
tracheostomy undertaken at the bedside. 

The incidence of perioperative complications in 
prospective studies of percutaneous dilatational tra- 
cheostomy is approximately 10%‘ and these include 
bleeding, surgical emphysema, pneumothorax, incor- 
rect placement of tracheal cannulae or dilators, or 
both, leading to a variety of immediate and long-term 
complications.” Various methods of airway control 
during percutaneous dilatational tracheostomy have 
been practised, including withdrawal of the tracheal 
tube until the cuff lies at the level of the vocal cords, 
but this technique predisposes to problems of the 
shared airway and accidental extubation. The LMA 
has been used to overcome some of the problems 
associated with the tracheal tube, especially that of the 
shared airway.’ The standard LMA is used success- 
fully as a conduit for blind and fibreoptic broncho- 
scope-assisted intubation, but unlike the intubati 


LMA, was not specifically designed for this purpose. 


The intubating LMA has a shorter, wider tube, facili- 
tates easy passage of a fibreoptic bronchoscope or a 
larger sized tracheal tube and overcomes the diam- 
eter—-length limitations for tracheal tube placement 
imposed by the standard LMA. Neither the LMA nor 
the intubating LMA prevent aspiration, but nor does 
a tracheal tube with a deflated cuff. 

Recently, the Combitube has been used for airway 
management during percutaneous dilatational tra- 
cheostomy in ICU patients.“ This technique pre- 
cludes the use of a fibreoptic bronchoscope to 
identify tracheal structures and needle placement, as 
the Combitube tends to lie in the oesophagus. 
Additionally, antero-lateral displacement of the tra- 
chea on inflation of the distal cuff may be an added 
hazard to the blind procedure of needle insertion 
into the trachea. A re-designed Combitube, which 
allows bronchoscopy, has been described but is not 
commercially available.’ 


10 


11 


609 

COETT Pressure SIMV 

(mm) Fio, (cm H,O) (min) EE 

8.0 0.45 PSV/PEEP 0 12 
15/5 

9.0 0.9 PCIRV/PEEP 12 2:1 
20/8 

8.0 0.35 PSV/PEEP 1.2 
12/5 

9.0 0.4 SIMV 10 1:2 
20/0 

8.0 0.5 PSV/PEEP 10 1:2 
15/5 

8.0 0.5 PSV/PEEP 0 1:2 
20/5 

9.0 0.6 SIMV/PEEP 12 1.2 
*/12 

9.0 0.6 SIMV/PEEP 12 1.2 
*/7 

8.0 0.55 SIMV/PEEP 10 1:2 
*/6.5 

9.0 0.5 SIMV/PEEP 12 1:2 
*/6.5 





Our preliminary unblinded study (table 1) showed 
that the intubating LMA was an effective and success- 
ful ventilatory device in all 10 patients. The intubating 
LMA does not require head-neck manipulation for 
insertion, thus proving invaluable in airway control of 
head injury-trauma patients where cervical spine 
pathology is present or suspected. There is improved 
ventilating ability by manipulating the device using 
the metal handle and it was used as the sole airway 
after removal of the tracheal tube in all of our patients. 
The dedicated tracheal tube facilitates immediate 
intubation either blindly or with fibreoptic broncho- 
scope guidance, thus providing the ability to continu- 
ously control the airway. Finally, a fibreoptic 
bronchoscope could be used in conjunction with the 
intubating LMA for trans-illumination of the trachea 
to facilitate accurate positioning of the needle into the 
trachea. Larger multicentre studies are needed to 
confirm these findings. 
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The intubating laryngeal mask airway (ILMA): initial experience in 


Singapore 


Y. W. Cuan, C. F. Kone, C. S. Kone, N. C. Hwang anD P. C. Ip-YAM 


Summary 

We have evaluated the intubating laryngeal 
mask airway (ILMA) for ventilation and for blind 
tracheal intubation. After induction of anaesthe- 
sia with fentanyl 1 ug kg“ and propofol 3 mi kg”, 
the ILMA was placed successfully on the first 
attempt in all 100 patients. After administration 
of atracurium 0.5 mg kg”, blind tracheal intuba- 
tion was successful in 97% of patients—50% on 
the first attempt, 42% on the second and 5% on 
the third. Success was improved by pulling the 
metal handle of the ILMA towards the intubator 
in an “extension” manoeuvre, if intubation was 
not possible on the first attempt. These findings 
confirm the effectiveness of the ILMA in an Asian 
population. (Br. J. Anaesth. 1998; 81: 610-611). 


Keywords: equipment, masks anaesthesia; intubation tra- 
cheal; intubation tracheal, technicue 





The difficult airway is still a significant cause of mor- 
bidity and mortality despite a plethora of aids to tra- 
cheal intubation. The laryngeal mask airway (LMA) 
has found a place in this arena’ and has been developed 
further as a means of tracheal intubation—the intubat- 
ing laryngeal mask airway (ILMA).’ We describe the 
use of the ILMA and a preliminary assessment of its 
performance in an Asian group of patients. 


Methods and results 


After obtaining Ethics Committee approval and 
informed consent, we studied ASA I and II patients 
presenting for elective surgery. Exclusion criteria 
were a history of gastro-oesophageal reflux, severe 
obesity and inadequate fasting. After preoxygenation, 
anaesthesia was induced with fentanyl 1 pg kg’ and 
propofol 3 mg kg’. The patients’ lungs were venti- 
lated with 100% oxygen supplemented with 2% 
isoflurane by face mask until the onset of neuromus- 
cular block produced with atracurium 0.5 mg kg” i.v. 
Direct laryngoscopy was performed and the view of 
the larynx graded according to Cormack and 
Lehane.’ After further manual ventilation, an ILMA 
was introduced (usually size 3 for women and size 4 
for men, given the low weight of our population). 
Successful placement was judged by the ability to 
deliver a tidal volume of 8 ml kg” at a rate of 10 bpm, 
without leak, at an airway pressure <20 cm H,O, and 
by a satisfactory capnograph tracing. 

Blind tracheal intubation was attempted using a 
lubricated silicone tracheal tube (sizes 7 and 8 mm, 
respectively, for ILMA sizes 3 and 4) inserted into 


the metal tube of the ILMA. If the first attempt 
failed, subsequent attempts were performed with the 
metal handle of the ILMA pulled back towards the 
intubator. This “extension”* manoeuvre had been 
found previously to be useful in a pilot study in our 
patients. A maximum number of three attempts were 
allowed, the last with a “vertical lift’? on the ILMA 
handle. Successful intubation was determined by 
capnography. 

Five consultant anaesthetists studied 20 patients 
each. Eighty-six patients were Chinese, nine Malay, 
four Indian and one Caucasian. Eighty-four patients 
had a grade 1 larynx, 15 grade 2 and one grade 3. 
The five groups of patients were not significantly dif- 
ferent in age, sex, weight or height. The ILMA was 
placed successfully in all patients on the first attempt. 
The overall success rate for intubation was 97%— 
50% on the first attempt, 42% on the second and 5% 
on the third. The anaesthetists varied in their success 
rates and the number of intubation attempts before 
successful intubation was carried out (table 1). The 
effect of experience on ease of intubation was not evi- 
dent, as the two patients who’s trachea could not be 
intubated by anaesthetist A were the seventh and 
11th patients, while anaesthetist B failed to intubate 
the last patient. All three patients had a grade 1 
larynx. In the one patient with a grade 3 larynx, 
intubation was successful on the first attempt. 
There was no morbidity associated with the ILLMA. 


Comment 


This study was undertaken before the results of other 
studies’ *° were published. The 100% success rate of 
establishing an effective airway with the ILMA on the 
first attempt, which supports the inclusion of the 
LMA in the ASA difficult airway algorithm,’ was 
reproduced by our study. The overall 97% success 
rate for intubation was similar to those reported in two 
published series: 93% (n=100)* and 100% (n=150).” 
It is possible that our success rate may be improved by 
the use of further adjustments.* However, the use of 
the extension manoeuvre significantly improved the 
success rate, as reported previously.‘ Extension 
achieves a rotatory movement of the ILMA in the 
sagittal plane, and coupled with a vertical lift on the 
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Table 1 Number (%) of patients in whom intubation was successful by each of five anaesthetists (A-E) 














Anaesthetist Successful at first attempt Successful at second attempt Successful at third attempt Failed attempts 
A 6 (30) 11 (55) 16) 2 (10) 

B 10 (50) 9 (45) 0 1 (5) 

Cc 14 (70) 4 (20) 2 (10) 0 

D 11 (55) 8 (40) 1 (5) 0 

E 9 (45) 10 (50) 16) 0 

metal handle may improve alignment of the mask References 


with an anterior larynx. We did not try the “flexion” 
manoeuvre, described by Kapila and colleagues,* who 
interestingly described deterioration in the fibreoptic 
view of the larynx in the majority of patients. 

In summary, we have confirmed the value of the 
ILMA as a primary means of establishing an airway 
for blind tracheal intubation in a predominantly 
Chinese group of patients, whose airway characteris- 
tics such as smaller size, anterior larynx and retro- 
gnathia may differ from other populations.° The 
variability in performance of individual anaesthetists 
merits further study in larger numbers of patients. 
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Laryngotracheal separation after attempted hanging 


S. DESHPANDE 


Summary 


The successful management of a 29-yr-old 
patient with tracheal separation between rings 
one and two after attempted hanging is 
described. Increasing difficulty with ventilation 
via a tracheal tube and surgical emphysema 
indicated the need for a tracheostomy. The diag- 
nosis was made during the tracheostomy proce- 
dure when it was observed that the tracheal tube 
was protruding through the incomplete transec- 
tion of the trachea such that Murphy’s eye was 
aligned with the lower tracheal stump. The 
patient underwent primary anastomosis of the 
trachea with placement of a Lorenz tracheal 
stent. On subsequent follow-up he had evidence 
of damage to both recurrant laryngeal nerves. 
The signs and symptoms of laryngotracheal sep- 
aration after blunt trauma are described. A 
review of the airway management has been 
made as it requires combined anaesthetic and 
surgical expertise. Injuries to the trachea may 
have severe, life-threatening consequences and 
early diagnosis and management reduce mor- 
bidity and mortality. (Br. J. Anaesth. 1998; 81: 
612-614). 
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Case report 


A 29-yr-old male patient was transferred to our uni- 
versity hospital from a peripheral hospital for evalua- 
tion of laryngeal fracture. The patient had attempted 
to hang himself and was rescued by a witness within 
2 min. On examination, he was conscious, had a 
hoarse voice, was coughing up blood and had stridor. 
Attempts, possibly to facilitate transfer, had been 
made to secure the airway by the paramedics at the 
site of the accident but were unsuccessful. Tracheal 
intubation was performed at the peripheral hospital 
under general anaesthetic using a 7.0-mm oral tra- 
cheal tube under fibreoptic vision. On examination 
of the larynx, the glottis appeared slit-like, there was 
significant oedema but no evidence of tears, disrup- 
tion or bleeding. There was suspicion of a cervical 
spine injury and therefore he was placed in a cervical 
collar. CT scan performed at this hospital showed 
evidence of surgical emphysema with a displaced 
tracheal ring. Sedation, neuromuscular block and 
positive pressure ventilation were maintained during 
transfer to the university hospital. 

On arrival at the university hospital, sedation and 
neuromuscular block were discontinued and the 


patient became agitated, was thrashing about, moving 
all four limbs and it was evident that there was increas- 
ing surgical emphysema extending down the neck to 
the lower limbs. On examination, there was no evi- 
dence of other injuries. Heart rate was 150 beat min”, 
arterial pressure 180/90 mm Hg and heart sounds 
were normal. Breath sounds were quiet and there was 
marked surgical emphysema of the neck extending 
down to the ankles. The results of arterial blood~gas 
analysis showed pH 7.15, Pa 10.1 kPa, Pa, 46.5 kPa, 
bicarbonate 26 mmol litre” and base deficit -3.9 mmol 
litre’, with Fi, 0.5. Abdominal and central nervous 
system examination revealed no significant findings. 

We re-established sedation and neuromuscular 
block with a combination of morphine, midazolam 
and vecuronium. There were several episodes where 
it became difficult to ventilate the lungs manually, 
but arterial oxygen saturation remained stable. 
Bronchoscopy was attempted via the tracheal tube 
but the tracheal lumen could not be identified. A pro- 
visional diagnosis of airway discontinuity was made. 
Chest x-ray at this time showed surgical emphysema 
and no pneumothorax, while lateral neck x-ray 
showed evidence of airway discontinuity and no evi- 
dence ofa cervical spine fracture. 

We decided that the patient was too unstable for 
transport to the operating theatre, because of diffi- 
culty in ventilation and increasing subcutaneous air. 
Ventilation was managed by gentle manual bagging. 
The patient underwent emergency tracheostomy in 
the surgical intensive care unit using a size 8 Shiley 
tracheostomy tube and was taken immediately to the 
operating room for neck exploration, revision of 
tracheostomy and tracheal reconstruction. In the 
operating room, the Shiley tracheostomy tube was 
replaced with a size 7 armoured tube. The oral 
tracheal tube inserted at the peripheral hospital was 
left in place. 

Effective gas exchange was maintained using air 
and oxygen mixtures, and the patient was anaes- 
thetized using a combination of desflurane and mor- 
phine, with vecuronium given when necessary to 
maintain neuromuscular block. The landmarks in 
the front of the neck were difficult to identify. The 
patient had complete transection of the trachea 
between rings one and two. The tracheal tube (fig. 1) 
was observed to protrude between the first and sec- 
ond tracheal rings. The sternocleidomastoid muscles 
were transected by the injuries bilaterally. The 
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Figure 1 The tracheal tube can be seen protruding through the 
incompletely disrupted trachea. The armoured tube provided the 
airway. 


internal jugular vein, carotid artery, thyroid cartilage 
and cricoid cartilages were intact. The trachea was 
anastomosed and a size 16 Cotton—Lorenz stent was 
inserted. After closure of the wound, a size 8 Shiley 
tracheostomy tube was inserted and secured. The 
immediate postoperative course in the intensive care 
unit was uneventful and the patient was discharged 
home after 12 days. : 

On follow-up, he was managing his tracheostomy 
well and could talk after plugging the tube. On 
flexible fibreoptic nasendoscopy, his true vocal cords 
were in adduction with a small posterior gap of 
approximately 2 mm. 


Discussion 


Laryngotracheal trauma is a rare injury, accounting 
for less than 1% of trauma cases seen in most major 
centres.” This rarity is a result of many factors, 
including rapid death at the scene from asphyxiation,” 
anatomical protection provided by the mandible and 
sternum,’ and lack of recognition of minor airway 
injuries in victims of major trauma by hospital staff .* 
The extent and location of blunt laryngotracheal 
trauma is determined by several factors.” In one 
review,’ 88% of injuries occurred above the fourth 
tracheal ring. In contrast, penetrating knife and 
bullet wounds can occur in any part of the cervical 
trachea. In our case, severe flexion/extension injury 
resulted in transection between the first and second 
tracheal rings. Cricoid fracture may result in 
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recurrent laryngeal nerve injury which further com- 
promises the airway lumen.’ * In our case, the injury 
to the recurrent laryngeal nerves was apparent from 
residual deficit in vocal cord excursion. 

The diagnostic signs of laryngotracheal injury 
include hoarseness, subcutaneous crepitus, dys- 
pnoea, dysphagia, haemoptysis and skin abrasions 
over the anterior neck,’ but their presence is vari- 
able’*°”: surgical emphysema may not develop until 
hours after the event.” Increased dyspnoea on 
extension of the neck is indicative of disruption of the 
upper airway and was described by Cherry and 
Hammond." Respiratory distress is often present but 
even in complete transection, the gap between the 
ends of the trachea may be sufficiently small to allow 
ventilation of the lungs to continue.” 

Definitive investigation and management of a 
patient with a suspected laryngotracheal injury have 
been reviewed by Cicala and colleagues,” but are 
dependent on the airway status on arrival at hospital 
and the presence of associated injuries.“ Airway con- 
trol with cervical spine protection is always the prior- 
ity. Chest and neck x-rays may demonstrate air in 
subcutaneous tissues or distortion of the laryngotra- 
cheal air column. A CT scan has proved beneficial in 
distinguishing between patients with blunt laryngo- 
tracheal trauma who require conservative manage- 
ment and those who require surgical exploration, °”’ 
although it is not indicated in patients who obviously 
require intervention.” 

Fibreoptic endoscopic examination of the upper 
airway may help to establish the site and extent of 
injury: it also enables tracheal intubation while mini- 
mizing the risk to the potentially damaged cervical 
spine.” In our patient, a 7.0-mm tracheal tube was 
passed over a fibreoptic scope. However, this tech- 
nique can result in airway obstruction’ and may be 
technically difficult because of anatomical disrup- 
tion, bleeding and debris. In our case, the tip of the 
tube was found to be protruding through the trachea, 
leading to progression of surgical emphysema with 
positive pressure ventilation. The Murphy’s eye of the 
tracheal tube, designed to overcome obstruction 
caused by tracheal wall occlusion, had allowed venti- 
lation of the lungs to occur. 

Fitzhugh and Powell recommended tracheostomy 
as the method of choice to establish an airway in the 
acutely injured patient with neck trauma,” as 
attempts at tracheal intubation may result in the cre- 
ation of a false passage, compromising the airway. 
Rapid deterioration of the patient, as in our case, may 
also necessitate tracheostomy,” which may be per- 
formed under local anaesthesia. Alternatively, 
femoral-femoral cardiopulmonary bypass may be 
used in an emergency. 
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A complication of peribulbar block in a patient with exophthalmos 


P. M. CLARKE AND N. KOZEIS 


Summary 

A patient with marked exophthalmos secondary 
to thyroid eye disease presented for tarsorrha- 
phy and removal! of orbital fat. A single supero- 
lateral peribulbar injection was performed. After 
injection of 3.5 ml of local anaesthetic solution, 
the globe suddenly dislocated anteriorly. This 
complication has not been described previously. 
In patients with exophthalmos, general anaes- 
thesia should be considered as the method of 
choice for ophthalmic procedures. (Br. J. Anaesth. 
1998; 81: 615). 


Keywords: surgery, ophthalmological; anaesthetic tech- 
niques, regional, peribulbar; complications, exophthaimos 


Case report 


A 53-yr-old woman with long standing thyroid eye 
disease presented to the ophthalmic emergency 
department three times in 12 months complaining of 
acute, excessive proptosis secondary to coughing. 
Therefore, it was decided to perform a left tarsorrha- 
phy and removal of orbital fat. She was euthyroid and 
apart from being a heavy smoker was otherwise 
healthy. On examination, she had marked bilateral 
exophthalmos, which was greater on the left. 

The surgeon felt that a single superolateral injec- 
tion of local anaesthetic would be sufficient for the 
procedure. After local infiltration to the upper eyelid, 
a 25-gauge peribulbar needle was inserted peri- 
conally to a depth of 2 cm. A slow injection of 2% 
lidocaine (lignocaine) with epinephrine (adrenaline) 
and hyaluronidase was commenced. After 3.5 ml had 
been injected, the entire globe suddenly dislocated 
anteriorly, with both upper and lower lids lying 
behind the globe. The block needle was removed 
promptly and the surgeon exerted gentle but con- 
stant pressure manually to the globe which then re- 
located behind both lids. Local anaesthesia to the 
upper lid had been achieved and surgery was per- 
formed uneventfully. 


Discussion 


Thyroid eye disease is a common problem, but only a 
small percentage of patients need surgical interven- 
tion.’ The main indications for surgery are excessive 
proptosis and optic neuropathy. The aim of surgery is 
to reduce proptosis and decrease pressure effects on 
the optic nerve. There have been several surgical pro- 
cedures described,” but the method with least com- 
plications is excision of orbital fat.** In a review of the 


literature, we found no reports of globe subluxation 
after peribulbar anaesthesia. 

In a normal eye, the globe is prevented from prop- 
tosing by the orbital septum. This is a firm, inelastic 
sheet of connective tissue. It originates superiorly 
from the periosteum of the superior orbital rim and 
inserts onto the levator aponeurosis of the upper lid. 
Similarly, inferiorly it originates from the inferior 
orbital rim and inserts into the capsulopalpebral 
fascia (analogous to the upper lid levator aponeuro- 
sis) of the lower lid. These attachments retain orbital 
fat within the orbit and provide anterior stability for 
the globe. 

In thyroid eye disease, intraorbital pressure is 
increased because of marked thickening of the 
extrinsic muscles. They may be up to eight times 
their normal size as a result of an increase in the 
mucopolysaccharide content of the muscle. The 
latter has an osmotic effect, leading to the formation 
of oedema. There is also an increase in orbital fat 
content, further increasing intraorbital pressure. 
Fibrosis of the eyelid muscles leads to lid retraction 
and a further reduction of the stabilizing effect of the 
orbital septum. 

It seems that in this patient, the pressure behind 
the globe was already increased to a critical level, 
such that the slight increase in pressure after peribul- 
bar injection was sufficient to cause the globe to sub- 
lux anteriorly. 

With the increasing use of local anaesthetic tech- 
niques we feel that it is important to report this com- 
plication. Choice of anaesthetic technique is crucial 
to the successful outcome of ophthalmic procedures. 
For patients with marked exophthalmos presenting 
for orbital decompression, we would suggest that 
general anaesthesia is the method of choice, thereby 
avoiding increased pressure behind the globe. 
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Pituitary apoplexy after spinal anaesthesia 


M. LENNON, P. SEIGNE AND A. J. CUNNINGHAM 


Summary 

We report the case of a previously healthy 51-yr- 
old male who underwent an uneventful total hip 
replacement under spinal anaesthesia. His 
immediate postoperative course was compli- 
cated by the development of a severe frontal 
headache. (Initial conservative treatment 
included oral analgesics and an epidural blood 
patch. The headache persisted and was followed 
by progressive vision loss and a right partial 
third nerve palsy. The patient was almost blind 
at the time of transfer to our neurosurgical unit. 
Relevant investigations revealed marked 
hyponatraemia (serum sodium concentration 
122 mmol litre’) and second-degree heart block 
(Mobitz I). A CT scan showed a pituitary tumour 
and confirmed the clinical diagnosis of pituitary 
apoplexy. Urgent craniotomy was scheduled 
and a large necrotic pituitary adenoma was 
excised. The postoperative course was unevent- 
ful with return of near normal vision at the time 
of discharge. Clinicians should consider this 
diagnosis when focal neurological deficits occur 
with post-dural puncture headache. (Br J. 
Anaesth, 1998; 81: 616-618] 


Keywords: anaesthetic techniques, subarachnoid; complica- 
tions, pituitary apoplexy; surgery, craniotomy 





Pituitary apoplexy is a rare clinical syndrome result- 
ing from sudden infarction of a normal or adenoma- 
tous pituitary gland, which, if left untreated, may 
result in permanent neurological deficit.'” Symptoms 
follow rapid enlargement of the gland, compression 
of the optic chiasma and neighbouring structures, 
with associated endocrinopathy from pituitary necro- 
sis. 

Pituitary apoplexy has been reported after several 
surgical procedures.” Most cases have been associ- 
ated with cardiopulmonary bypass under general 
anaesthesia.‘ Our case highlights complications asso- 
ciated with spinal anaesthesie, the clinical presen- 
tation of pituitary apoplexy and the potential 
aetiological factors in this particular patient. 


Case report 


A 51-yr-old male with osteoarthritis underwent elec- 
tive total hip replacement in another institution. His 
past medical history was unremarkable; he received 
only oral analgesics. His preoperative physical exami- 
nation was normal and there were no neurological 
deficits. A spinal anaesthetic technique was used. 
Intrathecal 0.5% bupivacaine 3 ml was administered 
via a 25-gauge Whitacre needle in the L3— interspace. 


Systolic arterial pressure decreased from 120 to 
90 mm Hg and remained at this level for the duration 
of the procedure. Estimated intraoperative blood loss 
was 970 ml. A total of 3000 ml of crystalloid fluid and 
1 u. of blood were infused. The immediate postopera- 
tive systolic arterial pressure was 90-95 mm Hg. 

The patient developed a severe frontal headache 
6 h after surgery. Initial conservative management 
included opioid analgesics. An epidural blood patch 
was administered 18 h after surgery because of per- 
sistence of the headache. Subsequently, the patient 
began to complain of blurred vision. Twenty-four 
hours after surgery it was noted that he had devel- 
oped a partial right third nerve palsy. At this time, he 
was transferred to our neurosurgical department for 
further investigation. 

On presentation to this institution, the patient had 
a complete right third nerve palsy, marked ptosis, a 
fixed dilated pupil and divergent strabismus. Visual 
acuity was limited to counting fingers on the left and 
perception of light on the right. He also had a bitem- 
poral visual field defect. Systolic arterial pressure was 
95/60 mm Hg and heart rate was 40—60 beat min”. 
The electrocardiogram (ECG) showed a Mobitz type 
I secondary heart block. Haemoglobin concentra- 
tion was 8.9 g litre’ and he was markedly hypo- 
natraemic (serum sodium concentration 122 mmol 
litre”) with normal serum potassium (3.8 mmol 
litre”) 

A clinical diagnosis of pituitary apoplexy was 
made. Computed tomography (CT) revealed the 
presence of a pituitary tumour with enlargement of 
the gland into the cavernous sinus bilaterally, and 
suprasellar extension compressing the optic chiasma. 
An urgent right frontotemporal craniotomy and 
decompression of the pituitary adenoma was under- 
taken. Hydrocortisone 100 mg was administered i.v. 
before induction of anaesthesia to treat potential 
adrenal insufficiency. I.v. fluids and vasopressor sup- 
port were required during the procedure to maintain 
systolic arterial pressure at 80-90 mm Hg. The 
procedure was otherwise uneventful. 

Hyponatraemia (sodium 126 mmol litre’), plasma 
hypo-osmolarity (262 mmol litre"), oliguria and uri- 
nary hyperosmolarity (645 mmol litre") complicated 
the early postoperative period. Spot urinary sodium 
was 71 mmol litre”. Fluid and electrolyte imbalance 
was treated with supplemental corticosteroids and 
balanced salt i.v. fluid administration. A diagnosis 
of panhypopituitarism was confirmed by reduced 
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plasma concentrations of thyroid stimulating hor- 
mone (TSH) (0. 1 miu litre"), total tri-iodothyronine 
(T3) (<0.5 mmol litre”) and prolactin 17 miu litre”); 
serum gonadotrophin concentrations were also low. 
Visual acuity was virtually normal despite residual 
partial third nerve palsy and a bitemporal visual field 
defect on discharge 11 days later. 


Discussion 


Headache, with an overall incidence of less than 1%, 
is a well documented complication of spinal anaes- 
thesia since its first introduction by Bier in 1899.’ 
Rarely, more serious central neurological sequelae 
have been reported, including ID, IV, VI, and VIIth 
cranial nerve palsies. Death resulting from bilateral 
subdural haematoma has been described after 
lumbar puncture.*’ To the best of our knowledge, 
there have been no reports of pituitary apoplexy 
complicating spinal anaesthesia. 

Pituitary adenomas represent 10-15% of all 
intracranial tumours. They are often clinically silent 
and have been found in up to 20-30% of all subjects 
in some autopsy series.” Although 16.6% of all pitu- 
itary tumours removed surgically show histological 
evidence of infarction, only 6.8% of patients with 
pituitary adenomas develop the clinical manifesta- 
tions of pituitary apoplexy. Thus it is a relatively rare 
complication.’ Most cases occur spontaneously and 
it is frequently the first manifestation of a pituitary 
adenoma, as occurred in our patient. 

There were no abnormal neurological features in 
our patient before operation. The frontal headache 
that developed after operation was initially treated 
conservatively with routine analgesics. However, the 
patient failed to improve and in the absence of other 
neurological deficits at this time, a diagnosis of post- 
dural puncture headache was made. Epidural blood 
patch has been reported to produce almost immedi- 
ate relief in up to 89% of post-dural puncture 
headaches.’ With the onset of visual symptoms, 
other diagnoses considered included subarachnoid 
aneurysm haemorrhage, meningitis, pituitary 
apoplexy, midbrain infarction, encephalitis, caver- 
nous sinus thrombosis, carotid artery aneurysm and 
parasellar tumour. A CT scan was the initial investi- 
gation and confirmed the presence of a large pitu- 
itary tumour with lateral extension into the cavernous 
sinus and suprasellar compression of the optic 
chiasma. 

Pituitary apoplexy may follow sudden infarction or 
haemorrhage into the gland, which causes it to swell 
and compress adjacent structures. The clinical pre- 
sentation of this patient was typical of fulminant 
pituitary apoplexy. The symptoms arise as a result of 
three processes: (1) leakage of blood or necrotic tis- 
sue into the subarachnoid space may be associated 
with headache, neck stiffness and photophobia; (2) 
pressure effects—superior extension of the pituitary 
gland may compress the optic chiasma resulting in 
loss of visual acuity and visual field defects. 
Hypothalamic dysfunction may be associated with 
alterations in temperature, respiration and cardiac 
function. This hypothalamic dysfunction may 
account for the transient Mobitz I secondary degree 
heart block noted in this case. Lateral extension of 
the gland may cause ocular palsies in up to 40% of 
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cases as a result of compression of IU, IV and 
VIth cranial nerves in the cavernous sinus’; (3) 
endocrinopathy—acute adrenal insufficiency, 
observed in up to 66% of such cases, is the most 
important endocrine dysfunction after pituitary 
apoplexy.” Intraoperative hypotension and hypona- 
traemia persisting into the postoperative period may 
have been manifestations of acute adrenal insuffi- 
ciency in this case. Glucocorticoids are necessary for 
maintenance of pressor tone and glomerular filtra- 
tion. Glucocorticoid insufficiency affects the ability 
of the renal tubules to excrete water. In addition, 
normal values for serum potassium were consistent 
with acute secondary adrenal insufficiency. 
Mineralocorticoid function may be unaffected 
because the renin—angiotensin—aldosterone axis is 
relatively independent of the ACTH-adrenal axis.” 
The syndrome of inappropriate anti-diuretic hor- 
mone secretion was considered as an alternative 
cause but this has been reported rarely in association 
with pituitary apoplexy.” 

Aetiological factors in the pathogenesis of pituitary 
apoplexy are not well understood. Elevated oestro- 
gen states, bromocriptine therapy, irradiation and 
diabetes have been implicated,’*"’ but the majority 
occur spontaneously without identifiable precipitating 
factors.” It has been suggested that the adenoma- 
tous gland may “outstrip” its own blood supply at a 
variable critical time and produce ischaemic necrosis 
followed by haemorrhage into the gland.” 

Intraoperative hypotension could be considered as 
an aetiological factor in our patient because systolic 
arterial pressure was reduced from 120 to 90 mm Hg 
after administration of spinal anaesthesia. There is 
some evidence to suggest that pituitary tumours may 
be particularly susceptible to changes in systemic 
arterial pressure. Bevan and colleagues” described a 
case of pituitary apoplexy after administration of oral 
isosorbide mononitrate in which a patient developed 
severe headache within 90 min of ingesting the drug. 
A month later, severe headache, this time associated 
with persistent neurological deficits, followed 
attempts to restart drug administration. The patient 
was subsequently diagnosed as having pituitary 
apoplexy. The association of the vasodilator proper- 
ties of the drug and the onset of apoplexy seemed 
likely. 

Lever and colleagues” reported on the onset of 
apoplexy after a thyrotrophin releasing factor (TRF) 
stimulation test and Bernstein, Hegele and Gentili” 
also reported a case of apoplexy after a “triple bolus” 
test (a pituitary stimulation test using TRH, LHRH 
and insulin). Both attributed significance to the nor- 
epinephrine (noradrenaline) releasing properties of 
TRH which may induce vasospasm precipitating 
pituitary infarction. 

The pituitary gland is supplied by end arteries 
which are poorly innervated and operate at a low 
hydrostatic pressure.” The vessels within the tumour 
itself are abnormal. They are typically smaller, vari- 
able in number, poorly fenestrated and have irregu- 
lar, ruptured basement membranes. In addition, 
the expanding mass may directly compress the 
infundibulum or the superior hypophyseal artery and 
impair blood supply to the entire anterior lobe. As a 
result of these anatomical features, an adenomatous 
pituitary is susceptible to infarction with relatively 
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minor changes in perfusion pressure.’ Low perfusion 
pressure was the suggested cause of apoplexy in the 
cases associated with cardiopulmonary bypass.‘ 
Other considerations included embolization of 
platelet aggregates, atherosclerotic plaques or gas 
bubbles, and anticoagulation with inadequate rever- 
sal. Pituitary tumours are known to be susceptible to 
haemorrhage, observed in approximately 17% of 
adenomas.” This is a variable finding in apoplexy and 
was not present in our patient. 

Another, although perhaps less likely, mechanism of 
pituitary apoplexy was a reduction in CSF pressure 
secondary to CSF leak. Minor alterations in pressure 
gradients within the skull have been associated with 
the onset of apoplexy.’ These include lumbar puncture 
for pneumoencephalography, repetitive coughing and 
sneezing secondary to upper respiratory tract infec- 
tions, minor head trauma, mechanical ventilation and 
scuba diving. 

In summary, we believe this is the first case report 
of pituitary apoplexy complicating spinal anaes- 
thesia. Pituitary adenomas are frequently asympto- 
matic and are thus difficult to diagnose before 
operation. However, this case highlights the impor- 
tance of prompt assessment of patients with post- 
dural puncture headache and clinicians should 
consider the diagnosis of pituitary apoplexy when 
focal neurological deficits are also present. 
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Epidural anaesthesia for Caesarean section in an achondroplastic dwarf 


M. J. Morrow AND I. H. BLACK 


Summary 

We describe the anaesthetic management of a 
parturient with achondroplasia presenting for 
Caesarean section under epidural anaesthesia. A 
block extending from T4 to S4 was established 
over 25 min using a total of 12 mi of 2.0% lido- 
caine (lignocaine) with epinephrine (adrenaline) 
1:200 000 and fentanyl 37.5 ug. Apart from mild 
discomfort during peritoneal incision, her peri- 
operative course was uneventful. Achondroplasia 
is reviewed and the anaesthetic implications of 
the condition are discussed. (Br. J. Anaesth. 
1998; 81: 619-621). 


Keywords: anaesthesia, obstetric; anaesthetic techniques, 
epidural; genetic factors; complications, achondroplasia 


Dwarfism is defined as failure to achieve a height of 
148 cm by adulthood.’ More than 100 different types 
of dwarfism have been described, but the commonest 
form of this relatively rare condition is achondro- 
plastic dwarfism.” The characteristic spinal and 
craniofacial abnormalities of achondroplasia occur as 
a consequence of normal periosteal bone deposition 
coupled with failure of endochondral bone forma- 
tion. The usual appearance includes a large head, 
saddle nose, short limbs and a relatively normally 
proportioned trunk, often associated with marked 
kyphoscoliosis and lumbar lordosis. Limited neck 
extension, foramen magnum stenosis, a large tongue, 
large mandible and atlanto-axial instability are com- 
monly encountered, making general anaesthesia 
potentially hazardous. 

An exaggerated lumbar lordosis, thoracic 
kyphoscoliosis, generalized spinal stenosis and the 
unpredictable behaviour of local anaesthetic drugs in 
the epidural and subarachnoid spaces have, however, 
led to a reluctance among anaesthetists to consider 
regional anaesthesia in this group of patients. When 
combined with the well documented anaesthetic 
risks encountered during the third trimester of preg- 
nancy of acid aspiration, decreased cardiorespiratory 
reserve and supine hypotension, the management of 
the gravid achondroplastic dwarf for Caesarean sec- 
tion presents a significant challenge for the anaes- 
thetist, whether general or regional anaesthesia is 
chosen. 


Case report 


A 28-yr-old primagravid achondroplastic dwarf pre- 
sented for elective Caesarean section at 37 weeks’ 
gestation. Her only previous general anaesthetic (as a 
child for tonsillectomy) had apparently been 
uneventful, but no notes relating to this procedure 


were available. Her pregnancy had been uneventful 
and ultrasonic measurements in utero suggested that 
the fetus was normally developed. 

Physical examination revealed a 64-kg, 120-cm 
healthy female with the typical features of achon- 
droplasia: large head, short limbs and marked 
kyphoscoliosis of the thoracolumbar spine. She had a 
short neck, large tongue and full set of teeth; the 
lower lumbar vertebrae were impalpable. Neck 
extension was limited and it was possible to see only 
the uvula when the tongue was fully protruded. 
Examination of the cardiorespiratory system revealed 
no problems and there were no neurological abnor- 
malities. Preoperative haemoglobin and electrolyte 
concentrations were within normal limits. 

The patient expressed a desire to be awake for 
birth. Therefore, after discussion of the potential 
risks and benefits of general compared with regional 
anaesthesia for Caesarean section, it was decided to 
perform the operation under epidural anaesthesia. 
The patient was made aware that a general anaes- 
thetic may be required in the event of failed epidural 
block. 

Premedication comprised ranitidine 150 mg orally 
on the evening before surgery and again on the 
morning of the operation. On arrival in the operating 
room, 30 ml of sodium citrate 0.3 mol litre’ was 
administered orally, and invasive radial arterial pres- 
sure monitoring established under local anaesthesia. 
Other monitoring included ECG and pulse oximetry. 
A 16-gauge i.v. cannula was inserted and 750 ml of 
compound sodium lactate solution was administered 
before siting the epidural catheter. Facilities for 
emergency and fibreoptic intubation were available. 

The patient was placed in the sitting position and 
the epidural space located at the L3-4 interspace 
using a 16-gauge Tuohy needle and the loss of resis- 
tance to saline technique. The needle was inserted at 
an angle of approximately 40° to the skin in a cepha- 
lad direction and directed towards the predicted 
midline. The epidural space was located with mini- 
mal difficulty at a depth of 4.5 cm, and 2.5 cm of 
catheter were threaded. A continuous flow of blood 
was obtained on aspiration of the catheter and there- 
fore it was withdrawn. The procedure was repeated in 
the same interspace but with the needle realigned 
slightly further towards the anticipated midline. 
Again the space was located at 4.5 cm, and 2.0 cm of 
catheter were advanced, this time uneventfully. With 
the patient remaining in the sitting position, a test 
dose of 1.5 ml of 2% lidocaine (lignocaine) with 
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epinephrine (adrenaline) 1:2G0 000 was adminis- 
tered without evidence of a subarachnoid block 
developing after 5 min. Another 6 ml of the same 
solution was administered in the sitting position in 
two increments at 5-min intervals. The patient was 
then placed in the right lateral position and another 
3 ml of solution administered. This was followed 5 min 
later by another 3 ml in the left lateral position. At 
this stage fentanyl 37.5 ug was administered via the 
epidural catheter. The patient was then placed in the 
modified supine position with 15° of left lateral tilt 
and the extent of the block assessed. After 25 min a 
sensory block to temperature and fine touch 
extended from S4 to T4 on the left side and from S4 
to T3 on the right. A total of 15 mg of ephedrine i.v. 
were administered during establishment of the 
epidural block in response to an anticipated decrease 
in arterial pressure. 

Caesarean section was performed using a midline 
incision and good muscle relaxation was observed 
throughout the procedure. The patient experienced a 
brief episode of discomfort during peritoneal trac- 
tion which was relieved rapidly by administration of a 
50:50 mixture of nitrous oxide in oxygen. A healthy 
male infant weighing 3545 g was delivered with an 
Apgar score of 8 at 1 min and 9 at 5 min. No features 
of achondroplasia were evident. Syntocinon 10 u. i.v. 
were administered after cord clamping and a further 
20 u. added to an i.v. infusion of compound sodium 
lactate solution 1000 ml. 

Maternal heart rate and arterial pressure were well 
maintained throughout the precedure. Blood loss at 
the end of operation was estimated at 300 ml. The 
patient’s partner was present throughout. On com- 
pletion of the procedure the patient was transferred 
to the high dependency area, where monitoring was 
continued until the block had worn off. Analgesia 
was provided by a suppository of diclofenac 100 mg 
inserted at the end of the procedure and a patient- 
controlled analgesia system set to deliver morphine 
i-mg boluses at 5-min intervals. Full recovery of 
neuromuscular function had occurred within 8 h and 
no complications were reported. Mother and baby 
were discharged from hospital on day 7 without 
further incident. 


Discussion 


Achondroplasia is the commonest form of dwarfism, 
with an incidence of 0.5-1.5 per 10 000 live births.”* 
The condition is transmitted in an autosomal domi- 
nant fashion, but only 20% of cases are familial, the 
remaining 80% representing a spontaneous genetic 
mutation.‘ Females are affected more frequently than 
males.” Achondroplastic dwarfs characteristically 
have low fertility rates‘; however, those that do con- 
ceive often require delivery by Caesarean section 
because the normal-sized fetal head and smaller than 
normal maternal pelvic diameter results in 
cephalopelvic disproportion during the later stages of 
pregnancy. 

Anaesthesia, whether genera! or regional, presents 
many potential problems during the latter stages of 
pregnancy. Maintenance of a patent upper airway 
may be difficult because of the presence of a large 
tongue and large mandible, usually associated with 
a full set of teeth. Tracheal intubation may prove 
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difficult as foramen magnum stenosis and cervical 
spine instability are common, and hyperextension of 
the neck must be avoided to prevent cervical cord 
compression.’ Limited neck extension has been 
reported as a cause of difficult intubation in two 
cases, ° although not all authors have encountered 
similar difficulties. Mayhew and colleagues‘ reported 
no difficulty in airway management or direct laryn- 
goscopy in a series of 27 patients undergoing 36 
anaesthetic procedures. If tracheal intubation is 
required in this group of patients, a small tracheal 
tube should be selected, the most appropriate size 
being predicted according to weight rather than age.‘ 

Cardiorespiratory function may be impaired by 
several factors specific to achondroplasia and other 
less common forms of dwarfism. Thoracic kyphosco- 
liosis, upper airway obstruction, rib deformities and 
recurrent respiratory tract infections are common.’ 
Failure of the normal-sized fetal head to engage in 
the narrow pelvic inlet results in the uterus remaining 
an entirely intra-abdominal organ during the latter 
stages of pregnancy. The subsequent diaphragmatic 
splinting causes a greater than usual pregnancy- 
induced reduction in functional residual capacity.” 
By the 16th week, these patients appear to be in 
the 30th week of pregnancy.’ Cor pulmonale is a 
relatively rare occurrence but has been reported 
as a consequence of these multiple respiratory 
complications.” °” 

Epidural anaesthesia may be technically difficult to 
perform because of the significant anatomical abnor- 
malities often associated with achondroplasia. 
Marked lumbar lordosis and thoracic kyphoscoliosis 
may make identification of bony landmarks difficult. 
Reduced interpedicular distance, shortened pedicles, 
osteophyte formation” and prolapsed intervertebral 
discs combined with a narrow epidural space may 
make identification of the space difficult and increase 
the risk of dural puncture.’ The presence of a narrow 
epidural space may also, as in this case, make inser- 
tion of the catheter difficult.’ Engorged epidural 
veins increase the risk of venous puncture either by 
the Tuohy needle or the catheter, and result in an 
unpredictable spread of local anaesthetic within the 
space.’* Spinal stenosis may impair free flow of CSF 
and make identification of dural puncture more 
difficult."* Aorto-caval compression may be particu- 
larly severe during regional anaesthesia as a result of 
the intra-abdominal position of the uterus.**’* Left 
uterine displacement, vigorous fluid preloading and 
vasopressor support have been advocated.” 

It has been suggested that regional anaesthesia 
should be avoided in patients with achondroplasia 
because any subsequent neurological abnormalities 
caused by spinal deformities might be attributed to 
the anaesthetic technique.’ But no neurological com- 
plications in patients with achondroplasia have yet 
been reported in those cases performed under 
regional anaesthesia. As there were no pre-existing 
neurological problems in our patient, it was felt that 
there were no specific contraindications to the use of 
epidural anaesthesia. In common with previous 
experiences, no neurological sequelae developed. 

There are no guidelines on the use of epidural or 
spinal local anaesthetics in the gravid achondroplas- 
tic dwarf. Because of the large inter-individual varia- 
tion in spinal column anatomy in these patients, it is 
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unlikely that clear recommendations could be devel- 
oped. What is clear, however, is that great care must 
be taken when establishing regional block in these 
situations, regardless of the local anaesthetic chosen 
or the technique used. 

The most appropriate type and volume of epidural 
test dose is unclear. Plain 0.5% bupivacaine in doses 
of 2.0 mi‘ and 3.0 ml” have been reported while 
1.0 ml of carbonated lidocaine with epinephrine 
1:200 000 has also been described. Crawford and 
Dutton” reported the use of a 32-gauge microspinal 
catheter to allow the establishment of continuous 
spinal anaesthesia in an achondroplastic dwarf, but 
these catheters have been withdrawn because of con- 
cerns about the incidence of neurological deficits 
associated with their use. Infusion of 0.5 ml of 0.5% 
hyperbaric plain bupivacaine intrathecally resulted in 
a bilateral block to T6 associated with significant 
hypotension developing within 20 min. Therefore, it 
would seem prudent to reduce the volume of the 
test dose in this group of patients; consequently, we 
chose to use 1.5 ml of lidocaine with epinephrine 
1:200 000. 

The volume of solution needed to produce surgical 
block is also unclear. Brimacombe and Caunt* 
reported the development of an epidural block 
extending from C5 to S4 over a 20-min period using 
0.5% plain bupivacaine 12 ml, while Wardall and 
Frame” reported that only 5 ml of 0.5% plain bupi- 
vacaine was sufficient to develop a block to T4. 
Cohen” reported adequate block with a total of 9 ml 
of 3% 2-chloroprocaine, supplemented with another 
9 ml after 35 min. Carstoniu, Yee and Halpern" 
achieved adequate block for Caesarean section using 
8 ml of 2.0% carbonated lidocaine with epinephrine 
1:200 000. The use of epidural fentanyl to supple- 
ment surgical block in this group of patients has not 
been reported previously. 

Anaesthesia poses a significant risk to patients with 
achondroplasia and this must be recognized by all 
staff involved in the perioperative care of these 
patients. Early communication with the anaesthetic 
team is important and a thorough preoperative assess- 
ment is mandatory. Facilities for managing the diffi- 
cult airway and suitably experienced personnel 
should be available and the use of intra-arterial pres- 
sure monitoring should be considered in patients with 
co-existing cardiorespiratory problems. If opioid sup- 
plementation of the block is used, frequent monitor- 
ing of vital signs and continuous pulse oximetry 
should be considered during the postoperative 


period. If these factors are borne in mind and the pro- 
cedure is undertaken with adequate expertise and 
support facilities then the use of epidural anaesthesia 
is a satisfactory technique for Caesarean section in the 
gravid achondroplastic dwarf. 
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Transient radicular irritation after spinal anaesthesia with 2% isobaric 


mepivacaine 


S. SIA AND C. PULLANO 


Summary 

Several cases have been reported in which 
symptoms suggestive of transient radicular irri- 
tation occurred after the use of lidocaine (ligno- 
caine) for spinal anaesthesia. We report three 
patients in whom we observed similar symp- 
toms after uneventful spinel anaesthesia using 
isobaric 2% mepivacaine. (Br. J. Anaesth. 1998; 
81: 622-624). 


Keywords: anaesthetic techniques, subarachnoid; anaesthet- 
ics local, mepivacaine; complications, transient radicular 
irritation 


In 1993, Schneider and colleagues published four 
case reports of transient neurological toxicity after 
uneventful single-injection spinal anaesthesia with 
5% hyperbaric lidocaine (lignocaine).’ The term 
transient radicular irritation (TRI) has been used to 
describe the syndrome. A common feature of all of 
these cases was moderate to severe pain in the but- 
tocks, lower back and/or legs, appearing after com- 
plete recovery from spinal anaesthesia. Since then, 
5% hyperbaric, 2% hyperbaric and 2% isobaric solu- 
tions of lidocaine have been implicated in TRI.”° 
More recently, several reports have suggested that 
TRI is not restricted to the use of lidocaine.” We 
report three possible cases of TRI occurring after 
subarachnoid administration o7 2% isobaric mepiva- 
caine in patients undergoing surgery in the lithotomy 
position. 


Case reports 


PATIENT NO. 1 


A 56-yr-old, 158-cm, 60-kg woman was undergoing 
diagnostic hysteroscopy and curettage for irregular 
uterine bleeding. She has undergone two uneventful 
general anaesthetics, 7 and 3 yr earlier, for minor sur- 
gical procedures. There was no history of chronic 
back pain, diabetes or neurclogical disturbances. 
Physical examination and routine preoperative tests, 
including coagulation studies, were normal. With the 
patient in the sitting position, skin preparation was 
performed with an iodine-containing solution. After 
removing excess moisture from the disinfected site, 
subarachnoid puncture was performed at the first 
attempt without difficulty at the L3—4 interspace 
using a 25-gauge Whitacre needle. After aspiration of 
clear cerebrospinal fluid, 2% plain mepivacaine 3 ml 
was given over 10 s. No paraesthesia was elicited dur- 
ing insertion of the needle or administration of the 
anaesthetic. The patient was turned on her back and, 


after 10 min, placed in the lithotomy position. 
Sensory block to pinprick was obtained at T8. 

The surgical procedure was uneventful and lasted 
40 min. Haemodynamic values remained stable dur- 
ing the intraoperative period. The immediate postop- 
erative period was uneventful, with full recovery from 
spinal anaesthesia. Six hours after operation the 
patient developec bilateral burning pain in the but- 
tocks radiating to the dorsolateral sides of both thighs 
and calves. Neurological examination revealed no 
sensory-motor or muscle—-tendon reflex abnormali- 
ties and she was able to walk. Laségue’s test was neg- 
ative. Sphincter tone was normal. She had no 
headache, tinnitus or diplopia. Analgesic therapy 
with ketorolac tromethamine reduced the symptoms 
and the patient was discharged on the evening of the 
first day after operation. At a telephone interview 3 
days later, the patient reported complete resolution 
of the pain sensation. 


PATIENT NO. 2 


A 69-yr-old, 177-cm, 65-kg man presented for endo- 
scopic removal of vesical papillomata. The patient’s 
medical history included hypertension and COPD. 
There was no history of chronic back pain, peripheral 
neuropathy or diabetes. Physical examination and 
preoperative results of coagulation studies were 
normal. Nine months earlier he had undergone 
transurethral resection of the prostate (TURP) under 
uneventful spinal anaesthesia using 0.5% plain bupi- 
vacaine 3 ml via a 25-gauge Quinke needle. With the 
patient in the sitting position and using the same pro- 
cedure as described in patient No. 1, dural puncture 
was performed without difficulty at the L3—4 inter- 
space using a 25-gauge Quinke needle. Injection of 
2% plain mepivacaine 3 ml was performed over 10 s. 
There was no paraesthesia, pain or bleeding during 
placement of the needle or injection of local anaes- 
thetic. The patient was turned on his back and placed 
in the lithotemy position. An upper level of anaes- 
thesia of T9 was obtained after 15 min. The surgical 
procedure, lasting 45 min, was uneventful as was 
the postoperative recovery. The patient remained 
haemodynamically stable during the procedure. 

Ten hours after operation, he developed bilateral 
pain radiating from the lower part of the back to the 
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calves. Neurological examination by a consultant 
neurologist revealed no sensory-motor or 
muscle-tendon abnormalities. Laségue’s test was 
negative. He had no headache, tinnitus, diplopia or 
signs of bowel dysfunction. Mefenamic acid provided 
pain relief. His urinary catheter was removed 2 days 
after operation and he voided successfully. The 
patient was discharged 3 days after operation with 
complete resolution of symptoms. 


PATIENT NO. 3 


A 42-yr-old, 165-cm, 53-kg woman was undergoing 
diagnostic hysteroscopy and curettage. Her medical 
history was uneventful. Physical examination and 
laboratory studies were unremarkable. With the 
patient in the right lateral decubitus position and 
using a sterile technique as in patient No. 1, a 27- 
gauge Whitacre needle was introduced into the sub- 
arachnoid space at the first attempt at the L34 
interspace. Injection of 2% isobaric mepivacaine 3 ml 
was given over 10-15 s. No discomfort was elicited 
during insertion of the needle or during injection of 
local anaesthetic. An upper sensory level of T8 was 
obtained. The gynaecological procedure, lasting 35 
min, and performed in the lithotomy position, was 
uneventful. Haemodynamic values remained stable 
throughout the intraoperative period. 

Seven hours after operation, after complete recov- 
ery from anaesthesia, severe burning pain developed 
in the buttocks radiating to the dorsolateral sides of 
both thighs and calves. Analgesic therapy with mefe- 
namic acid did not relieve the symptoms and the 
patient was given morphine 10 mg i.m. Neurological 
examination by a consultant neurologist on the first 
day after operation revealed no sensory disturbances, 
change in muscle strength or difficulties in voiding. 
Laségue’s test was negative. The patient was dis- 
charged 2 days after operation. During a telephone 
interview 5 days later, the patient reported no pain 
but she pointed out that she would refuse to have 
spinal anaesthesia in future. 


Discussion 


Spinal anaesthesia is used at our institution for patients 
undergoing surgical procedures on the lower abdomen 
and legs, provided that they give consent. Lidocaine is 
our primary choice for short surgical procedures. After 
several cases of TRI associated with subarachnoid 
administration of 2% lidocaine, we considered it 
appropriate to try an alternative drug for short-term 
surgery. We chose 2% mepivacaine because it was the 
only local anaesthetic available at our institution which 
has a similar duration of action to 2% lidocaine.” 

There are many potential causes for postoperative 
neurological sequelae after spinal anaesthesia. In our 
patients, it is unlikely that TRI was caused by direct 
trauma to neural tissue, as there was no bleeding and 
no paraesthesia associated with the anaesthetic. 
Ischaemia of the spinal cord can be disregarded as an 
important co-factor because arterial pressure was 
stable in all patients. Infection or chemical contami- 
nation of cerebrospinal fluid seems unlikely as a strict 
aseptic technique was used. Chronic lumbar disc 
pathology was also probably unlikely as patients had 
no history of chronic back pain. 
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The clinical courses of our patients were remark- 
ably similar to those of previous cases of TRI after 
intrathecal administration of lidocaine’* and suggest 
that a direct effect of the anaesthetic solution at the 
sacral nerve roots is more likely. Few studies have 
evaluated the incidence of TRI after mepivacaine 
spinal anaesthesia. Hiller and Rosemberg reported 
an incidence of 30% in patients who received 4% 
spinal hyperbaric mepivacaine compared with 3% in 
those who had received 0.5% hyperbaric bupiva- 
caine.” The authors thought that decreasing the dose 
of mepivacaine may diminish the development of 
TRI. Our cases indicate that decreasing the concen- 
tration and dose of mepivacaine does not prevent 
development of TRI. 

However, in addition to a toxic effect of local anaes- 
thetic, another possible co-factor in the development 
of TRI should be taken into account. All of our 
patients underwent surgery in the lithotomy position. 
Recent literature has focused on the importance of 
surgical position in the incidence of TRI,” 7?" 
most cases were performed in the lithotomy posi- 
tion.”*°° ' Patient positioning per se seemed an 
unlikely cause of our patients’ symptoms, as duration 
of surgery was very short. Nevertheless, the lithotomy 
position may contribute to transient neurological 
symptoms by stretching the cauda equina and sciatic 
nerves, thus decreasing the vascular supply and 
increasing vulnerability to injury.’ Pollock and col- 
leagues showed that there was a significant difference 
in the incidence of TRI between patients undergoing 
surgery in the lithotomy position and those in the 
supine position. Freedman and colleagues, in a mul- 
ticentre study, reported an incidence of TRI after 
lidocaine administration of 2.9% in patients under- 
going surgery in the supine position compared with 
21.8% in the lithotomy position.“ Thus we cannot 
exclude the possibility that isobaric mepivacaine can 
be used safely in a lower risk population, that is in 
patients not in the lithotomy position. In support of 
this, Zayas, Liguori and Chisholm, in patients under- 
going knee arthroscopy, reported no case of TRI in 
patients receiving 1.5% mepivacaine 45 mg com- 
pared with an incidence of 22% in those receiving 2% 
lidocaine 60 mg.” 

Mepivacaine was used for spinal anaesthesia in our 
institution during the 4-month period from 1 March 
to 30 June 1997. During this period 56 patients 
received 2% mepivacaine for short-term surgery. Of 
these, 33 patients underwent surgery in the supine 
position, 23 for knee arthroscopy and 10 for inguinal 
hernia repair. The remaining 23 patients were posi- 
tioned in the lithotomy position, 12 for minor gynae- 
cological procedures and 11 for transurethral surgery. 
We did not observe any case of TRI in patients under- 
going surgery in the supine position. During the same 
period no cases of TRI were noted in the 172 patients 
receiving bupivacaine for spinal anaesthesia. However, 
as this was not a prospective survey, failure to detect 
TRI may reflect inadequate patient assessment. 

In summary, our cases indicate that TRI may occur 
after the use of an isobaric solution of 2% mepiva- 
caine. Prospective randomized studies are warranted 
to evaluate the incidence of this syndrome after 
administration of spinal mepivacaine and the potential 
interaction between local anaesthetics and surgical 
positioning. 
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Harrison GG. Control of the malignant hyperpyrexic syndrome in MHS swine by dantrolene 
sodium. British Journal of Anaesthesia 1975; 47: 62-65. 


Malignant hyperthermia (MH), in common with 
“scoline apnoea”, is one of the pharmacogenetic con- 
ditions specific to anaesthesia. MH entered medical 
cognisance dramatically in 1960 with a letter to the 
Lancet by Denborough and Lovell,’ although it should 
be remembered that Dr Jim Villiers was the anaes- 
thetist who saved the young man’s life’ and referred 
him for further study. In less than 30 yr, an albeit 
uncommon but frequently fatal condition with a 70% 
mortality rate has been “controlled” to the extent that 
nowadays mortality is less than 2%. Gaisford Harrison 
can reasonably claim to be one of the few people who 
have enabled this truly amazing success. 

In 1971, at the First International Symposium on 
MH, Toronto, the view was expressed that within 2 yr 
MH would be understood fully from the biochemical 
viewpoint. Certainly, by studying MH there has been 
a vast accumulation of knowledge and understanding 
of intracellular calcium homeostasis. Again, Harrison 
and co-workers’ at the University of Capetown have 
been prominent in this work, using what has proved 
to be a substantial model of MH in MH susceptible 
breeds of swine. 

Harrison’s article in 1975 described the first use of 
the then comparatively new drug dantrolene sodium 
to control experimental MH in swine. MH in swine is 
an amazing condition. I well remember witnessing the 
“barnyard test” for MH when Harrison exposed indi- 
vidually a litter of piglets to 40% halothane delivered 
using a rubber funnel. Within 2 min, the susceptible 
piglets became rigid and rapidly developed cyanosis. 
The condition was reversed with difficulty by spray- 
ing the animals with cold water. The subtlety and effi- 
cacy of dantrolene should be seen in this context. 

The major contribution of this article is the 
inspired use of dantrolene sodium. This drug was 
first described 7 yr earlier by Sneyder and co- 
workers* and was first used to control spasticity in 
hemiplegia in 1971.’ Prior to dantrolene, many drugs 
had been tried, including steroids and procaine, but 
with little and variable success. One of the major 
problems with dantrolene was its insolubility in water 
and the need to use mannitol and sodium hydroxide 
to solubilize it. 


The results of the first pig study are remarkable; 
figure 2 illustrates the explosive nature of MH in 
swine and the rapid and complete reversal with 
dantrolene in seven of the eight pigs. It is not clear 
why one of the pigs died, although the administered 
dose was the lowest used in the series. Presumably 
either the dose of dantrolene was insufficient or pen- 
etration of the contracted muscle was inadequate to 
reverse the metabolic changes induced by halothane. 

After such a clear result it is difficult to understand 
why it took another 5 yr for dantrolene to become 
clinically available in the UK. In that period, deaths 
from MH continued to occur in approximately 24% 
of reactors. I remember G Harrison remarking in 
1980 that MH should no longer be a clinical prob- 
lem. Ironically, 1980, 1981 and 1982 were the worst 
3 yr in the UK for deaths from MH. This clearly illus- 
trates the point that merely having the right drug 1s 
not enough—its successful use depends on anaes- 
thetists making a correct diagnosis, and using the 
drug at a time when the disease is reversible. This 
requires a combination of education and improved 
technology of monitoring. 

This article deserves its “classic” label as it has 
altered our clinical practice permanently, 


F.R. ELIs 
University of Leeds 
St Fames’s University Hospital 
Leeds 
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CONTROL OF THE MALIGNANT HYPERPYREXIC SYNDROME 
IN MHS SWINE BY DANTROLENE SODIUM 


GAISFORD G. HARRISON 


SUMMARY 


Experiments are described which demonstrate that dantrolene sodium effectively 
terminates the syndrome of malignant hyperpyrexia induced in susceptible swine by 
exposure to halothane. Dantrolene is also shown to block initiation of the syndrome 
of malignant hyperpyrexia by halothane in MHS swine. Therapeutic use of this drug 
in patients with anaesthetic-induced malignant hyperpyrexia appears to be indicated. 


Anaesthetic-induced malignant hyperpyrexia is a 
rare, often fatal syndrome affecting man and the 
pig, which results from a genetic intrinsic functional 
defect within the muscle fibre (Relton, Britt and 
Steward, 1973; Harrison, 1973b). Rigor of muscle 
is its predominant clinical feature. 

In 1967, Snyder and associates reported the 
synthesis of a series of hydantoins which proved 
to have muscle relaxant properties. One of these, 
dantrolene sodium* was extensively investigated 
and its pharmacological effects were demonstrated 
to follow an action on the intrinsic mechanism of 
muscle contraction. In addition, it was shown to 
act only on skeletal muscle and to have no effect on 
cardiac muscle or smooth muscle (Ellis et al., 1973). 
Because of this, the effects of dantrolene sodium 
on the syndrome of malignant hyperpyrexia induced 
by halothane in malignant hyperpyrexia susceptible 
(MHS) swine were investigated. 


METHOD 


In this investigation, use was made of an experi- 
mental protocol previously described (Harrison, 
1973a). In MHS swine selected by reaction to 
halothane prescreening and estimation of serum 
cp.k. levels, monitoring of vital parameters was 
established under initial ketamine or ketamine/ 
thiopentone anaesthesia, followed by endotracheal 
intubation and maintenance of anaesthesia with 
nitrous oxide and oxygen. IPPV was provided when 
required by a Blease Pulmoflator. 

Monitoring included: 
(1) E.cg. 
(2) Observation of rigor (see fig. 1). 
*]-([5-(p-nitrophenyl) furfurylidene] amino) hydantoin 


sodium hydrate synthesized by Norwich Pharmacal 
Company Laboratories, New York. 





Fic. 1, MHS pigs hind legs before and after onset of 
rigor following halothane (note extension). The pheno- 
menon may be recorded by attachment of the trotter by 
string over a pulley to a recording pen on a revolving 
drum. During rigor the muscle mass is palpably hard. 


(3) Temperature measurement by means of a 
thermistor probe (Elab, Denmark) inserted deep 
into the muscle mass of the thigh. 

(4) Repeat sampling of mixed venous blood from 
a right atrial cannula. 

Thereafter, the syndrome of malignant hyper- 
pyrexia was initiated by the administration of 
halothane by IPPV commenced at a concentration 
of 2.5% and gradually reduced to 0.5% thereafter. 

Once the hyperpyrexic syndrome was well estab- 
lished with marked muscle rigor, acidosis and an 
increase of temperature of 2°C or more, dantrolene 
sodium (0.5 mg/ml) was administered intra- 
venously; a dosage of 1 mg/kg in early experiments 
was later increased to as much as 7~10 mg/kg. 

The solubility of dantrolene is limited. The 
GAISFORD G. HARRISON, M.D, (CAPE TOWN), F.F.A.R.C.S 


ENG.), Department of Anaesthetics, University of Cape 
‘own, South Africa. 
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formulation used in these experiments was that 
described by Castellion (1973, personal communi- 
cation): 

dantrolene sodium 300 mg 

mannitol 26.640 g 

sodium hydroxide 48 mg 

water to make 600 ml 


Blood samples for acid-base, c.p.k. and potas- 
sium estimations were taken: 

(1) Immediately before exposure to halothane. 

(2) When the syndrome was established. 

(3) After administration of dantrolene. 


Eight such experiments were undertaken using 5 
pigs, the experiment being performed three times 
in one pig, twice in another and once each in the 
remaining 3 pigs. 

It must be appreciated that in this somewhat 
crude and empiric (though effective) intact animal 
experiment, judgement of the moment at which to 
commence treatment was difficult, and precise cri- 
teria as to the degree of temperature increase could 
not be adhered to. The rate at which reactor pigs 
develop the syndrome differs. While it was desired 
that the syndrome be well enough established in 
terms of muscle rigor and increase in temperature, 
to render any response to dantrolene unequivocal, 
care had to be taken not to jeopardize the entire 
experiment by risking sudden death of an animal 
from cardiac arrest resulting from the concomitant 
acidosis and hyperkalaemia. In some experiments, 
not only was the moment of commencing dantro- 
lene dictated by the onset of cardiac arrhythmia, 
but in two animals “Isoptin” 5 mg (Iproveratril, 
Knoll, Germany) (shown in previous experiments 
to have no effect on the syndrome (Harrison, 1972, 
unpublished data)) was used to control this before 
the administration of dantrolene. Once well 
initiated, the syndrome is independent of the con- 
centration of halothane, which appears to act as a 
trigger (Berman et al., 1970). In five experiments, 
halothane was discontinued 8-18 min before 
administration of dantrolene, the syndrome continu- 
ing unabated with further increases in temperature 
of from 0.5 to 1.9°C. In three experiments halo- 
thane was continued for 2-4 min after commence- 
ment of dantrolene. In neither event did this appear 
to affect the outcome. 

The only ancillary treatment generally applied 
was the administration of sodium bicarbonate 
following the onset of rigor. Ambient temperature 
during these experiments was 21-22°C and with 


one exception active cooling was not used. In the 
exception, ice blocks were applied to an animal 
after the temperature had decreased from 43.8°C 
to 41°C. Ambient temperature on this day was 
25°C. 

Complementary to the therapeutic use of dantro- 
lene, its ability to block initiation of the hyper- 
pyrexic syndrome by halothane in MHS pigs was 
also investigated in two experiments (a week apart) 
on a single fast reactor pig. In these experiments, 
following establishment of monitoring under initial 
ketamine / nitrous oxide / oxygen anaesthesia as 
described, and treatment of the animal with dantro- 
lene 3 mg/kg, the animal was exposed to halothane 
inhalation for 90 min. Commencing at 2.5%, the 
halothane concentration was reduced over 30 min 
to 1%, at which concentration it was maintained. 


RESULTS 

The results of these experiments with details of the 
duration of the malignant hyperpyrexic syndrome 
before treatment, the actual increase in body 
temperature, maximum temperature attained, dose 
of dantrolene and final outcome in terms of survival, 
are presented in table I. A temperature and events 
chart of one experiment, typical of all the experi- 
ments, is reproduced in figure 2. 

In the established syndrome of malignant hyper- 
pyrexia in susceptible pigs, the administration of 
dantrolene caused: 


(1) Rapid loss of muscle rigor commencing 
within 5 min and usually complete within 20 min. 

(2) Immediate cessation of the increase in deep 
muscle temperature followed by a rapid decrease. 

(3) Termination of the progressive, inexorable 
acidosis characteristic of the syndrome (Harrison et 
al., 1969) rendering easy the buffering of acidosis 
developed until the dantrolene administration. 

All pigs, except the first, used in the 8 experi- 
ments survived. This first pig, after showing a 
dramatic initial response to what, in the light of 
subsequent experience, proved to be too small a 
dose of dantrolene, suffered a recurrence of the 
syndrome with subsequent death (see table I). 

Dantrolene pretreatment of an MHS pig effec- 
tively blocked initiation of the hyperpyrexic syn- 
drome by halothane, allowing exposure of the 
animal to inhalation for 90 min with impunity. The 
time period of 90 min was chosen arbitrarily as 
being a period six times in excess of the previously 
tested “reaction” time of the pig used. 
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TABLE I 
> Resting c.p.k. MH Temp. 
Pig A units/ml duration Increase decrease . 
Bee at 25°C Prana in Max. Pests first Final 
an ‘normal trolene tem: temp. trolene min temp. 
weight 0-50) (min) CO (C) (mg/kg) (°C) CC) Outcome 
170 364 36 3.2 40.1 1 0.6 ~ 42.0 Died 
70k 
168 : 720 14 2.1 38.5 1 1.9 36.7 Survived 
120 kg f 
168 > 817 40 2.4 38.8 2.5 2.2 36.4 Survived 
125 
an 4932, 38 3.6 42.2 7 2.0 38.4 Survived 
cee 1480 18 2.0 40.2 6 1.4 38.2 Survived 
39 kg 
Dk 1340 21 2.0 40.5 10 1.5 38.4 Survived 
40 kg > 
180 1440 36 3.2 40.0 7 2.6 37.3 Survived 
44 kg 
74 348 30 3.8 42.8 10 1.8 38.0 Survived 
30 kg Ice packs 
Different weights recorded for the same pig used more than once reflect weight gain with time. 
PIG NO 180 AMBIENT TEMP 21°C P in pigs so treated described in inis paper, has com- 
ET sin 10/7 Tyr tinued in our subsequent animal experiments. To 
ener date, procaine is the only drug that has been shown 
oe 75 to have any effect on the established syndrome. 
£ These experiments demonstrate that dantrolene 
3 33 200 has the property of relaxing the muscle rigor which 
5 PULSE characterizes malignant hyperpyrexia in the pig, 
Ta yo(bem) and that concomitantly the excess heat and acid 
k production cease. A survival rate of 100% was 
PA es achieved in the last seven of eight experiments. In 
nee contrast to procaine, dantrolene has no effect on 
| the myocardium, a factor which permits its use up 
ELAS Bon 8 220 240 *60 -80 -100 to the limits of therapeutic effectiveness. 
TETEE TIMES) The pharmacology and toxicology of dantrolene 
pH have. been extensively investigated in humans 
Poo, mmHg (Basmajian and Super, 1973; Chyatte and Bird- 
PR ga song, 1971; Chyatte, Birdsong and Bergman, 1971; 
K mco Herman, Mayer and Newcombe, 1972) and it has 
CPK Au /m (25%) been used extensively in the management of condi- 





Fic. 2. Temperature (deep muscle) and events chart of 
typical experiment on MHS pig weighing 45 kg. Dantro- 
lene administered as i.v. drip infusion for duration of 
square so marked. Biochemical i values from mixed venous 


DISCUSSION 


Untreated, the developed syndrome of malignant 
hyperpyrexia in pigs has a mortality rate of 100% 
(Harrison et al, 1969). While earlier work has 
demonstrated that it was possible to reverse the 
syndrome with procaine, especially if it was admini- 
stered early enough (Harrison, 1971), the three out 
of five (60%) mortality for the established syndrome 


tions characterized by muscle spasticity. The 
experiments reported here indicate that dantrolene 
should prove to be a most effective therapeutic 
agent in the treatment of malignant hyperpyrexia 
in humans. 
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CONTROLE DU SYNDROME D’HYPERPYREXIE 
MALIGNE (DANS LES SUIDES MHS) AU MOYEN 
DU SODIUM DE DANTROLENE 


RESUME 

On décrit certaines expériences qui démontrent que le 
sodium de dantrolène met fin effectivement au syndrome 
dď’'hyperpyrexie maligne provoqué par Pexposition à 
Phalothane chez les suidés panos On montre égale- 
ment que le dantrolène bloque ja manifestation initiale 
du syndrome d’hyperpyrexie maligne Phalothane dans 
les suidés MHS. L’usage thérapeutique de ce remède 
semble indiqué pour les patients atteints d’hyperpyrexie 
maligne provoquée par un anesthésique. 


BEKAMPFUNG DES MALIGNEN 
HYPERPYREXIES YNDROMS (BEI MHS- 
SCHWEINEN) MIT DANTROLEN-NATRIUM 


ZUSAMMENFASSUNG 

Es werden Untersuchungen beschrieben, welche ergaben, 
daß Dantrolen-Natrium das bei empfanglichen Schweinen 
durch MHalothan-Einwirkung hervorgerufene maligne 
Hyperpyrexiesyndrom wirksam  kupiert. Außerdem 
konnte gezeigt werden, daß sich bei MHS-Schweinen die 
Auslésung eines malignen Hyperpyrexiesyndroms durch 
Halothan mit Dantrolen blockieren läßt. Das Mittel 
scheint sich also zur Behandlung von Narkose-bedingten 
malignen Hyperpyrexiesyndromen zu eignen. 


CONTROL DE LOS SINDROMES DE 
HIPERPIREXIA MALIGNA (EN CERDOS CON 
SHM) POR SODIO DANTROLENICO 


SUMARIO 

Se describen los experimentos que demuestran que el 
sodio dantrolénico acaba eficazmente con el sindrome de 
Spean ia maligna, inducido en un cerdo, suceptible a 

, por exposición a halotano. Se muestra también que 
el Dantroleno bloquea la iniciación del síndrome de 
hiperpirexia maligna por halotano en cerdos con SHM. 
Parece ser apropiado el uso terapéutico de esta droga en 
pacientes con hiperpirexia maligna, inducción 
anestésica. 
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Patient controlled morphine analgesia (PCA 
morphine) in cadaveric renal transplant recipients: 
does morphine-6-glucuronide accumulate? 


A. C. Carr*’, P. A. Stone’, M. G. SERPELL’, S. P. JorL*? 
AND L. TINKER*? 

‘Department of Anaesthesia, Western Infirmary, Glasgow, Barry Reed 
Oncology Laboratory, St Bartholomew's Hospital, London 


Morphine is metabolized in the liver to two main metabolites: 
morphine-3-glucuronide (M3G) and morphine-6-glucuronide 
(M6G). Failure to excrete M6G in azotaemic states 18 believed to 
be the cause of delayed respiratory depression which can occur up 
to 24 h after the most recent morphine dose.’ The excretion of 
M6G following a single bolus dose of morphine to patients recerv- 
ing live-related renal grafts closely follows the onset and degree of 
graft function.’ However, PCA morphine provides the mainstay of 
post-renal transplant analgesia throughout most of Great Britain. 
Our pilot study compares the accumulation of M6G in cadaveric 
renal graft recipients and general surgery patients with normal 
renal function where both groups recerved PCA morphine postop- 
eratively. 

Written informed consent was obtained from 10 patients, four 
undergoing general abdominal surgery and six receiving cadaveric 
renal transplants. All received a standardized anaesthetic including 
a 10 mg bolus of morphine at induction. Postoperatively, all 
patients recerved a PCA pump which gave a 1 mg bolus of intra- 
venous morphine with a five minute lock-out time in the control 

- population and a 15 minute lockout in the transplant group. 
Twenty one blood samples were collected from each patient at pre- 
determined intervals over the 72 h following surgery. High perfor- 
mance liquid chromatography was performed on the samples and 
plasma concentrations of M6G determined. The total amount of 
morphine given by each sampling nme was recorded, curves of 
plasma M6G aguınst time constructed, and AUC mg“ morphine 
calculated for both study and control populations (table 1). The 
results were compared using the Mann-Whitney U test. Renal 
function was assessed for each patient using twice daily serum cre- 
atinine measurements. 

Significant (P<0.02**) accumulation of M6G was seen in the 
transplant group compared with the control population despite 
the fact that four of the six transplants had sufficient primary graft 
function to require no further haemodialysis after transplantation. 
The plasma M6G values in four transplant recipients reached 
those associated with respiratory depression in previously reported 
cases, but no such complications were noted in any of our patients. 
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A puzzle in propofol loss rates from tissue samples in 
sheep 


B. M. Q. Waavar’', G. E. STADDON*’ AND W. W. MAPLESON’ 
!The Veterinary School, University of Bristol, Department of Medical 
Physics and Bioengineering, Bristol General Hospital, Bristol and 
‘Deparımens of Anaesthetics, University of Wales College of Medicme, 


This puzzle arose out of a study to determine tissue concentrations 
and tissue/blood partition coefficients for propofol in sheep. The 
aim of this presentation is to seek help in explaining a surprising 
pattern of logs rate of propofol from the stored tissue samples. 

A bolus of propofol, 10 mg kg’ body mass, was given intra- 
venously to each of six sheep; cardiac arrest was induced with 
potassium chlonde at 2-5 min; samples of ussue were taken from 
brain, heart, kidney, liver, lungs, spleen, and muscle. These were 
stored in plastic bags at -20°C and analysed for propofol content 
after intervals cf 6, 12, and 18 months. In another eight sheep, 
propofol was mfused intravenously at 1 ml min” for 2 h; arterial 
concentrations were measured at intervals; cardiac arrest was 
induced and nssue samples were taken and stored as before, but 
analyses were made within one month and again after 6 to 10 
months. 

Since the “unit of investigation” is the tissue sample, a linear 
regression was fitted to the change of concentration with time in 
each sample.’ This was done in a single analysis which showed that 
the fit was 30% better ın terms of log concentration than of actual 
concentration, indicating that the decline of concentration was 
exponential rather than linear. Analysis of variance of the resulting 
slopes led to the pattern of loss rates in table 2. These were applied 


Table 1 Comparison of control and transplant patients. AUC = area under the curve 








Control patients 
Variable A B Cc D 
AUC M6G 0-72 h (nmol fh“) 2372 2740 3274 21759 
Total morphine 0-17 h (mg) 78 91 164 402 
AUC mg’ morphine 30.4 30.1 20.0 54.1 
Median AUC mg* 30.2** 








‘Transplant recipients 

A B , Cc D E F 

50347 36288 15235 11777 23554 38284 

57 58 64 51 80 68 

883.3 677.4 238.0 230.9 294.4 563.0 
428.7** 


AUC, area under the curve. 
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Table 2 Loss rates of propofol from tissue samples 
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Log (conc) per day Loss rate (% per day) Half life 
Tissue Mean SE Estimate 95% CI (days) 
Bolus: non-spleen -0:001273 0.000161 0.293 0.22 to 0.37 236 
spleen’ 0.000342 0.000263 -0.079 -0.20 to 0.04 -881 
Infusion: all tissues 0.000119 0.000150 0.027 —0.04 to 0.10 2525 


to the tissue concentration measurements to determine the fitted 
concentration at “day 0” ~ except that zero loss rate was used 
instead of the two non-significant loss rates. In the infusion experi- 
ments, the day 0 concentrations were divided by the fitted artertal 
concentration at the time of cardiac arrest to yield tissue/blood 
partition coefficients. 

One possible mechanism of logs 18 evaporation. If that were the 
case, halflife should be proportional to the solubility of propofol in 
the tissues; but there was nothing exceptional about spleen in 
terms of concentration in the bolus experiments or partition coef- 
ficient ın the infusion experiments. Also it seems inconceivable 
that solubility in tissues in the infusion experiments was 10 umes 
that in the bolus experiments. Another possibility is degradation of 
the propofol. There is wide overlap of concentrations of propofol 
between the three conditons in table 2, but the amount of its vehi- 
cle, Intralipid, would be much greater m the infusion experiments, 
and somewhat greater in spleen than other tissues because of the 
very high blood content of spleen. Could Intralipid have some 
kind of preservative action? Comments and alternative explana- 
tions will be welcomed. 
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Closed loop computer controlled sedation with 
propofol 


C. Done’, J. Kenos’, J. Henry’, E. C. IrzACHoR’, 

C. D. Reeve’ ann J. R. SNevp' 

‘Department of Anaesthesia, Derriford Hospital, Plymouth and’School 
of Electronic Commumication and Electrical Engineering, University of 
Plymouth 


Automated control systems are widely used in critical applica- 
tions; however, their use in medical care 18 relatrvely unusual. We 
have developed a system for automatic control of sedation and 
tested it m seven human volunteers. 

Bifrontal raw electroencephalogram (EEG) and derivatives 
including the bispectral mdex (BIS V3.12) were recorded and 














Conc, concentration in pg g’; CI, confidence interval. 


logged using an Aspect A1000 monitor and a personal computer 
with custom written software (C Borland). A proportional integral 
derivanve (PID) controller and a four-compartment pharmacok- 
netic/pharmacodynamic (PK/PD) model automatically adjusted 
target effect site propofol concentration by controlling an infusion 
pump (Graseby 3400) to mammtain a constant value of BIS. After a 
10 minute baseline EEG recording without sedation, the BIS tar- 
get was set to 65 for a period of 25 minutes, after which sedation 
was discontinued “Open loop” target controlled infusion was 
used for the first 2.3 minutes. The initial target effect site propofol 
concentration (Ce) was calculated from the BIS target using 
the following formula adapted from Do: and colleagues’ 
BIS=—12.837Ce+93.582. 

Subsequently the PID controller adjusted the effect site target 
automatically—that is, a “closed loop.” After 15 minutes of seda- 
tion subjects were stimulated with a nerve stimulator applied to 
the wrist (30 mA for 2 min followed by 40 mA for 3 min). 
Satisfactory sedation was achieved ın all subjects (fig 1). 

Attainment of the BIS target was rapid but three subjects were 
initially oversedated (mmimum BIS values during minutes 0-5 for 
these subjects were 48.3, 34.9, and 41.5). The measured BIS in 
seven subjects between 2.3 and 15 minutes (“closed loop” control, 
no stimulation) was 65.2 (5.8) (mean (SD)), and between 15 and 
20 minutes (during stumulation), 66.3 (6.8). 

Our system automatically established and mamtamed sedation 
in volunteers. Clinical application will require further evaluation 1m 
patients. 
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A comparison of vasoactivity between levobupivacaine 
and bupivacaine 


D. Burxe*, M. MacKEnzir*, D. Newron*, F. KHAN’, 

G. McLzop*, J. BELCH™ AND J. BANNISTER 

Ninewells Hospital, Dundee 

Stereoisomerism and drug concentration both influence the 
vasoactive properties of local anaesthetic agents. Determination of 
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Figure 1 Bispectral index (BIS), predicted plasma propofol concentration (Cp), and effect site propofol concentration 
(Ce) in a single subject. The period of stimulation is indicated by a bar. 
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the effect of a local anaesthetic on the vasculature can be achieved 
using intradermal testing’ Quantification of that effect can be 
obtained with laser Doppler perfusion imaging (LDPD, a rapid 
non-invasive technique enabling detailed analysis of skin blood 
flow patterns. The LDPI (Lisca Developments, Sweden) can scan 
an area of approximately 120x120 mm, thus enabling skin blood 
flow changes at each site to be compared simultaneously. The 
device is linked to computer software for image display and analy- 
sis, We have used this technique to compare the vasoactivity of 
racemic bupivacaine and levobupivacaine when given intrader- 


mally. 

A double blind, randomized, placebo controlled study was per- 
formed on 11 male non-smoking volunteers. Observations were 
recorded in a room thermostatically controlled at 22°C. Five sites 
were randomly allocated to the volar surface of each forearm, with 
a minimum separation of 3 cm. One site was untreated and served 
as baseline. At the control site, 0.1 ml 0.9% sodium chloride was 
injected intradermally through a 30 gauge needle. In the remain- 
ing eight sites, 0.1 ml each of 0.75%, 0.5%, 0.25%, and 0.125% 
Jevobupivacaine and the same concentrations of racemic bupiva- 
caine were given. Baseline skin blood flow was determined before 
giving the injections. Subsequent measurement of skin blood flow 
was made at 2.5, 10, 20, 40, 60, and 90 minutes after injection. 
‘Total response (flux signal, volts) over time of each dose of the two 
drugs with respect to saline was evaluated by calculating an index 
of the area under each curve. These results are summarized in 
fig 2. The two significance levels are the results of a two way 
repeated measures analysis of variance, testing the difference 
between each dose and each drug, with a P value <0.05 indicanng 
a 95% confidence of difference. Ar all concentrations tested 
levobuprvacame showed greater vasoconstrictor activity than bupi- 
vacaine (P=0.019), with a maximum difference at higher concen- 
trations. A decrease in skin blood flow with respect to saline was 
observed with levobupivacaine at concentrations less than 0.25%. 
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Figure2 Response compared with saline. Significance levels: 
P=0.019 for drug; P=0.001 for dose. 
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Methaemoglobinaemia after supraclavicular block 
with prilocaine in patients with renal failure 


L. SPoONER® AND P, D. SMITH 
Northern General Hospital, Herries Road, Sheffield 


Prilocaine is thought to offer a good balance between onset, dura- 
tion, and safety for the large vclumes used for brachial plexus 
anaesthesia. In doses well in excess of 600 mg or 8 mg kg™ it can 
produce methaemoglobinaemia. Subclinical methaemoglobin- 
semia also occurs.’ The methaemoglobinaemia is caused by 
o-toludine, a renally excreted metabolite of prilocaine. We studied 
the incidence and time course of methaemoglobinaemia in 
patients with renal failure who had supraclavicular block using 
prilocaine. 

We studied 17 patients requiring arteriovenous fistula forma- 
tion. Supraclavicular block was established using a nerve stimula- 
tor and prilocaine 7 mg kg’ to a maximum dose of 600 mg. Venous 
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blood was taken before performing the block, and then at 30, 60, 
90, 120, 240, 350, and 480 minutes. Methaemoglobin levels were 
measured using a Ciba Corning 270 cooximeter. Prilocaine and 
o-toludine levels were determine by high performance liquid chro- 
matography.” 

An increase in the percentage of methaemoglobin with time was 
found, as shown in fig 3, with peak values occurring at 4 h. Peak 
methaemogiobin showed a non-significant correlation with (a) the 
peak prilocaie level (Spearman correlation coefficient r=0.14, 
P=0.6) or (b) the peak o-toludine level (Spearman correlation 
coefficient r=0.3, P=0.25). 

Using recommended doses of prilocaine we found levels of 
methaemoglotin which could be clinically significant in medically 
compromised patienrs. 
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Figure 3 Percentage methaemoglobin at time after performance 
of supraclavicular block. Shown are medians, 25th and 75th 
centiles (bars), and ranges. 
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The effects of glycinergic block on sensory 
transmission and on the action of halothane in the 
urethane anaesthetized rat 


A. ANGEL, AND R. H. ARNOTT 
Centre for Research mto Anaesthetic Mechanisms, Department of 
Biomedical Science, The Unvversity, Sheffield 


Halothane has been shown to potennate the responses, both of 
isolated medullary neurones and of recombinant glycine receptors 
expressed in Xenopus oocytes, to the inhibitory neurotransmitter 
glycine.’ It was suggested that potentiation of glycinergic transmis- 
sion might play a role m the process of general anaesthesia. 

The aim of this study was to examine the role of glycine in quan- 
tfiable processes of general anaesthesia ın vivo. Female rats were 
anaesthetized with urethane (1.25 g kg” intraperitoneally (ip), 
weight 190-210 g; n=8). The effect of strychnine (0.1 mg ke" ip, 
approximately 4x10” M in body water), a potent antagonist of 
glycinergic transraission, was measured on the electrocorticogram, 
on peripherally evoked cerebral, cortical, and thalamic single cel- 
lular responses, and on respiration (after Angel”). Halothane (1%) 
was given alone, and in conjunction with strychnine, in order to 
assess any specific glycinergic role in its mechanism of acnon. 

Strychnine caused no statistically significant changes in the 
power spectral content of the electrocorticogram (Student’s paired 
two tailed ¢ test; n=5) nor in respiratory rate and tidal volume 
(n=4). Early components of the cortical mass evoked response 
were not significantly altered following admmustration of strych- 
nine: latency 3.45 (0.21) ms (mean (SD)), initial positive wave 
100(7.2)%, initial negative wave 100(29.9)% before strychnine, 
compared with 3.48 (0.17) ms, 98.7(8.2)%, and 101.1(19.7)%, 
respectively, following strychnine administration (Students 


Proceedings of the Anaesthetic Research Society 


paired, two tailed z test; n=5). Strychnine likewise failed to alter 
the latency and probability of evoked responses by single cells in 
the cortex (n=5) and ventrobasal thalamus (n=3). 

The effect of halothane on these indices of central nervous sys- 
tem responsiveness was not significantly altered by administration 
of strychnine. In the absence of strychnine, for example, 1% 
halothane depressed the cortical mass evoked response such that 
the latency increased by 0.69 (0.31) ms, the initial positive wave 
decreased to 89.5(16.7)% and the initial negative wave to 
54.1(9.2)%. In the presence of strychnine, halothane increased the 
latency by 0.98 (0.37) ms and reduced the initial positive and neg- 
ative inflections to 87.7(15.9)% and 54.0(12.6)%, respectively. 
These changes were not significant (Student’s paired, two tailed t 
test; n=4). 

Blockade of glycinergic transmission failed to alter these indica- 
tors of anaesthetic depth. These data suggest that it is unlikely that 
the state of anaesthesia is dependent upon alteration in glycinergic 
transmission above the level of the spinal cord. 
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Steady state halothane anaesthesia oscillates 
between two states of electrocortical arousal 


A. ANGEL AND S. C. WoLSTENHOLME* 
Centre for Research into Anaesthetic Mechanisms, Department of 
Biomedical Science, University of Sheffield, Sheffield 


It has previously been reported that urethane anaesthetized rats 
oscillate randomly between two states of electrocortical activity, 
high voltage low frequency (HVLF) and low voltage high fre- 
quency (LVHF).' It has now been established that this is also the 
case in halothane anaesthetized rats. Six female rats (Sheffield 
strain) anaesthetized with 1.3% halothane were used. The forepaw 
was stimulated using supramaximal electrical stimuli and the elec- 
trocorticogram, cerebral evoked responses, and responses of single 
cells in cortical layer IV were recorded. During 1.3% halothane 
anaesthesia two phases of electrocortical activity can be seen. 
Power spectral analysis of the electrocorticogram showed that one 
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phase was characterized by relative increase in power of higher fre- 
quencies (>13 Hz); the other showed a relative increase in the 
power of lower frequencies (<4 Hz). Hence the two states can be 
designated LVHF and HVLF respectively (fig 4). These states 
were accompanied by changes in both cortical evoked responses 
and cellular responsiveness to peripheral stimuli. In LVHF the 
cortical cells showed short latency, high probability firing in 
response to the stimulus, and the cortical evoked response is of 
short latency with a larger amplitude initial positive (Pi) and nega- 
tive wave (Ni) (fig 4). In HVLF the cortical cells showed longer 
latency, lower probability firing, and the evoked response was of 
increased latency with Pi and Ni of decreased amplitude. The 
changes in electrocortical activity were also accompanied by 
changes in the rate of respiration which increased during LVHF 
and decreased during HVLF. 

Thus halothane anaesthesia, like urethane anaesthesia, is not a 
steady state condition but switches between more aroused 
(LVHF) and less aroused (HVLF) states. The former is charac- 
terized by short latency cortical responses of increased magnitude, 
increased respiration rate, and higher frequency electrocor- 
ticogram than the latter. 


Acknowledgement 


SCW holds a University of Sheffield PhD studentship 


Keywords: anaesthetics volatile, halothane; measurement 
techniques, electrocorticography 


Reference 


1. Angel A, Dodd J, Gray JD. Journal of Physiology 1976; 259 
11-12P. 


The effect of conduction block on spinal ir-galanin 
release in the neuropathic rat 


L. A. COLVIN 

Department of Preclinical Sciences, Royal (Dick) School ofVëterinary 
Studies, University of Edinburgh/Department of Anaesthetics, Royal 
Infirmary of Edinburgh, Edinburgh 


Galanin, a neuropeptide with an increased inhibitory role after 
nerve injury, is normally found in the spinal cord, with little in dor- 
sal root ganglia cells. After peripheral nerve injury, galanin concen- 
trations increase in small to medium sized dorsal root ganglion 
cells, with a corresponding rise in central release in the superficial 
dorsal horn of the spinal cord, ipsilateral to a sciatic nerve injury 

The stimulus for this spontaneous immunoreactive (ir) galanin 
release in neuropathic rats is not known, but it may be related to 
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Figure4 Comparison between the cortical evoked response recorded during high voltage low frequency (HVLF) and low voltage high 
frequency (LVHF), and the changes in delta and beta frequencies in the electrocorticogram (*P<0.05) 
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spontaneously occurring ectopic discharges arising after nerve 
injury.’ The aim of this study, therefore, was to determine the 
effect of blocking all neuronal input from the injured nerve on 
spinal release of ir-galanin. 

Male Wistar rats (n=12), with evidence of neuropathic pain were 
studied 10-14 days after a chronic constriction injury of one sci- 
atic nerve.’ Galanin antibody coated microprobes were inserted 
2.25 mm into the spinal cord of urethane (1.25 g kg’) anaes- 
thetized rats and left in situ for 15 minutes. They were then 
washed, incubated in I galanin, and the tips placed on x ray 
monoemulsion film for 8-10 d. An autoradiographic image was 
obtained for each probe which was analysed using a computerized 
image analysis system. Localized areas of endogenous ir-galanin 
release were detected as decreases in optical density of the image. 
Significant differences (P<0.05) between means of selected 
groups were determined by Student’s unpaired ¢ test carried out at 
30 um intervals. Basal levels of ir-galanin release were determined, 
then amethocaine gel was applied proximal to the dorsal root gan- 
glia, after which further galanin antibody-coated microprobes 
were inserted into the spinal cord. 

Previous findings of an increased area of spontaneous ir-galanin 
release in the superficial dorsal horn ipsilateral to nerve injury 
were confirmed. After conduction block, although no change in ir- 
galanin release in the ipsilateral dorsal horn was found, there was 
an increase in the contralateral dorsal horn such that the previous 
side to side difference was no longer apparent. This contralateral 
action may be mediated either by supraspinal systems or intrinsic 
loops in the dorsal horn. Ongoing input from the injured nerve 
could be preventing increases in ir-galanin release, and may there- 
fore play a role in the generation of spontaneous pain. 
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Effects of opioids on sensory bupivacaine spinal block 


H. Neti”, C. BRYDON* AND M. SERPELL 
Department of Anaesthesia, Western Infirmary, Glasgow 


Systemic and intrathecal opioids increase the height’? and delay 
the regression’ * of sensory block after subarachnoid anaesthesia. 
The mechanism of this synergistic effect is unclear and the aim of 
this randomized, controlled, double blind study was to investigate 
whether it occurs predominantly at a peripheral or a central site. 
Thirty male patients, ASA grades I and I, scheduled for elective 
urological surgery under spinal anaesthesia were recruited. 
Patients taking regular analgesics or with CNS disorders were 
excluded from the study. Premedication consisted of temazepam 
10 mg one hour preoperatively, Patients were allocated to one of 
three groups: group A ~ spinal solution (2.5-3 ml 0.5% bupiva- 
cainet+1 ml 0.9% saline), intravenous saline (1 ml) ; group B — 
spinal solution (2.5-3 ml 0.5% bupivacainet+1 ml fentanyl 
(50 pig)), intravenous saline (1 ml); group C — spinal solution 
(2.5-3 ml 0.5% bupivacaine+1 ml saline), intravenous fentanyl 
(50 ug). Lumbar puncture was performed by a standardized tech- 
nique at L2-3 interspace. The intravenous solution was given 
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simultaneously with the spinal injection. Midazolam 1 or 2 mg was 
given as clinically indicated for sedation. After 30 minutes sensory 
block to pinprick with a 22G short bevel needle and cold sensation 
with ethyl chloride spray was assessed at four separate lines drawn 
on the left side of the patient’s body (posterior, middle, and ante- 
rior axillary lines and a line 5 cm anterior to the latter) to give an 
average baseline level. Naloxone 0.4 mg was given intravenously at 
this time, and after a further 10 minutes the sensory level was 
reassessed. Changes were recorded as cm deviation from the base- 
line level. Data were analysed by Kruskal-Wallis, Mann-Whitney, 
and Student’s ¢ test as appropriate. 

Results are given in table 3. There were no differences in age, 
weight, or height between the three groups. The height of block in 
the three groups was indistinguishable. Naloxone decreased the 
level of sensory block in the intravenous fentanyl group. There was 
no decrease in the intrathecal fentanyl and saline groups. 
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The effect of nitrous oxide on transmission in the 
dorsal column pathway in the urethane anesthetized 
rat 


A. ANGEL AND S. C. WOLSTENHOLME* 
Centre for Research into Anaesthetic Mechanisms, Department of 
Biomedical Science, University of Sheffield, Sheffield 


We have reinvestigated the effect of nitrous oxide upon sensory 
transmission. It has previously been reported that nitrous oxide 
acts as a conventional general anaesthetic upon the cerebral 
evoked response to forepaw stimulation in the rat.’ The data pre- 
sented here show that this conventional action of nitrous oxide is 
often phasic. Female rats (7=26, Sheffield strain) anaesthetized 
with intraperitoneal urethane (1.25 g kg’) were used to study the 
effect of nitrous oxide upon the electrocorticogram, cerebral 
evoked responses, and responses from single cells in the ven- 
trobasal thalamus and layers IV, V, and VI of the cerebral cortex to 
electrical stimulation of the forepaw. In 18 animals nitrous oxide 
showed a phasic effect which was never seen with approximately 
equipotent doses of halothane (fig 5). 

This “switch” in behaviour occurred at 13.61 (6.08) min (mean 
(SD))} after application of 80% nitrous oxide and 14.17 (5.70) min 
after application of 50% nitrous oxide. It was not constant in indiv- 
idual animals. The phasic effect was also seen in the electrocor- 
ticogram and in 11 layer IV, five layer V, and seven layer VI cortical 
cells, and in two ventrobasal thalamic cells. All of these cells showed 
a dose dependent increase in latency and a decrease in probability 
of response in the anaesthetic phase of the nitrous oxide effect, sim- 
ilar to conventional agents. After the switch, cell behaviour became 
stabilized at a higher level of probability and increased latency of 
response compared with the anaesthetic phase but the probabilities 
of response and latencies did not return to pre-nitrous oxide values 
until the nitrous oxide was switched off. During prolonged expo- 
sure to nitrous oxide (2—4 h) cerebral evoked responses switched 
randomly and spontaneously between the two states. The mechan- 
isms underlying this effect are under investigation. 


Table 3 Changes in the level of sensory block (cm) from the baseline determination at 10 min after 


treatment with naloxone 





A (it/iv saline) (n=9) 


B (it fentanyl) (n=10) C (iv fentanyl) (n=11) 





Change in level (cold) 
Change in level (pin prick} 


~0.7 (-8.1, 3.3) 
-0.7 (-3.9, 2.0) 


+0.9 (-0.9, 4.3) 
0.0 (-0.8, 0.7) 


—5.1*+ (-17.9, 1.2) 
~3.1*+ (-11.4, 0.5) 





Values are median (range); it, intrathecal; iv, intravenous. 
Intergroup comparisons: *P<0.05 (C v A); -P<0.01 (C v B). 
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Figure 5 Effect of approximately equipotent doses of nitrous 
oxide and halcthane on the latency, tal positive wave (P1), and 
initial negative wave (N1) of averaged cerebral evoked responses 
(n=50) to electrical stimulanon of the contralateral forepaw at a 
rateofls. 
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In vitro study of the effect of vessel compliance on the 
estimated resistance using Doppler indices 


D. M. Morris*’, R. P. MAHAJAN’, K. J. GIRLING’ 
AND A. C. PERKINS*' 


"Department of Medical Physics and’ University Department of 
Anaesthesia, Queen’s Medical Centre, Nottingham 


Pulsatility index (PI), resistance index (RD, or the ratio of perfu- 
sion pressure (P) and Doppler flow velocity (FV) are used to assess 
vascular resistance ' The aim of this study was to examine the 
effect of a change in the compliance of the insonated vessel on 
these variables. 

An in vitro pulsanle flow model was constructed using arnficial 
vessels and perfusion media This included a computer controlled 
pump capable of generating flow waves of a predetermined pulse 
rate and diastolic and systolic flow velocities The circulatory cir- 
cuit incorporated a Windkessel, a bypass lamb with variable resis- 
tance, and an insonated limb with a variable peripheral resistance 
bed. The flow velocity profile of an internal carotid artery was 
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simulated in the snsonated limb. Peripheral resistance of this hmb 
was adjusted, altering the flow through the insonated vessel, over a 
range of values. Pulse rate, driving pressure, and the total flow 
(bypass+insonated limbs) ın the circust was kept constant PI, RI, 
FV, and flow in the imsonated vessel (F) were recorded during 
established steady states over a range of resistances (0 3-1.9 R 
units) in the insonated hmb (compliance 0.25% mm Hg"). The 
experiment was repeated after replacing a section of the nsonated 
limb with a rigid vessel of the same internal diameter (compliance 
0.07% mm Hg"). Actual resistance in the msonated limb was esti- 
mated by calculating the rano between P and F. Regression analy- 
sis was used to study the relationship between the change in the 
actual resistance (P/F) and the corresponding changes in the resis- 
tance estumated by P/FV, PI, or RI as measured by Doppler ultra- 
sound, for the two vessels of different compliance. Regression 
equations and ^ values for these relations are shown ın table 4. 
Estimations of the resistance with PI and RI were not affected 
by the change in the compliance of the insonated vessel. However, 
P/FV consistently esumated a higher resistance for the rigid vessel 
over the full range of the change in the actual resistance. 
Extrapolations from in vitro models to human physiology are at 
best approximations. We suggest that the changes in vessel wall 
compliance should be taken mto consideration for the Doppler 
estimation of vascular resistance in clinical practice or research 


Table 4 Regression analysis data 


Compliant ” Rigid 
Regression equation r Regression equation r 


P/FV 0.33P+9.12P/F 0.89 0.37P+15 70OP/F 0.96 


PI 0.14457.50/F 095 0.03+54.90/F 0.91 
RI 0.46+4.36/F 0.72 0.39+5 93/F 0.88 
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Magnetic resonance imaging of the vertebral canal 
before and after central nerve block: is there any 
subclinical bleeding? 


M. R. Caecxetrts'*, J. A.W. WILDSMITH' AND M. J. 
Nimmo** 

’ Departments of Anaesthesia and Radiology, Ninewells Hospital, 
Dundee 


Clinically significant thecal compression by extradural haematoma 
after central nerve blockade 1s very uncommon, with an esumated 
incidence of 1/150 000 after epidural block and 1/220 000 follow- 
ing spinal block.’ However, there 1s still concern that this catas- 
trophic complication may occur after central nerve blockade, 
parncularly in patents who have received drugs which affect nor- 
mal coagulation. In this study the vertebral canal was examined by 
magnetic resonance imaging (MRD) before and after central nerve 
blockade to identify subclinical epidural bleeding in low risk and 
high risk patent groups. $ 

Two groups of 20 patients scheduled for elective vascular 
surgery were recruited after giving mformed consent. The “low 
risk” (group 1) patients were ASA I-H (age <60 years) and under- 
going varicose vein surgery under spinal anaesthesia. Patients who 
had taken any drug which could affect normal coagulation within 
the preceding seven days were excluded. Spinal anaesthesia was 
performed using a 25G Whitacre pencil point needle and 2.5 ml of 
0.5% hyperbaric bupivacaine. The “high risk” (group 2) patients 
were ASA II-IV (age >60 years) and undergoing lower limb arter- 
1al reconstructive procedures under epidural anaesthesia with 
catheter inseruon. Most of these patients were on aspirin preoper- 
atively and they all received 3000-5000 units of heparin intra- 
venously before arterial clamping during surgery An 18G Touhy 
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needle was used to insert a similarly sized epidural catheter, and 
the block was established using 15-20 ml of 2% lidocaine. 
Epidural catheters were removed the morning after surgery at least 
one hour before any subcutaneous heparin was given for deep 
venous thrombosis prophylaxis. T1 and T2 weighted saggital and 
axial MR lumbar spine scans were carried out in each patient one 
to three days before surgery and two to nine days afterwards. All 
scans were reported by an experienced consultant radiologist, and 
the postoperative scans were closely scrutinized for any evidence of 
bleeding in the vertebral canal. 

At the time of abstract submission, data from 20 patients in 
group 1 and 16 patients from group 2 were available. All patients 
in group 2 except two were taking aspirin 75-300 mg daily preop- 
eratively. In group 1, the subarachnoid space was located on the 
first attempt in all except one patent who required two attempts, 
and no bleeding was seen during any of the procedures. In group 
2, two attempts to locate the epidural space were necessary in two 
patients and mildly bloodstained fluid was aspirated initially from 
another two individuals. The blood stained aspirate rapidly cleared 
in these latter two patients and it was felt safe to continue with the 
block. There was no vertebral canal bleeding seen on MRI on 
these or any other of the postoperative scans. 

MRI scanning can detect small haematomas but we have so far 
failed to find any bleeding following spinal or epidural block. It is 
particularly interesting that no bleeding was seen in the patients 
who had epidural catheters and had received aspirin preopera- 
tively and heparin intraoperatively. 


Acknowledgment 


This work was supported by a grant from the Association of 
Anaesthetists of GB and Ireland. 


Keywords: measurement techniques, magnetic resonance 
imaging; anaesthetic techniques, epidural 


Reference 


1. Tryba M. Anästhesie Intensivmedizin  Notfallmedizin 
Schmerztherapte 1993; 28: 179-181. 


The influence of metoclopramide on the duration of 
action of mivacurium 


H. J. Sxmnner*, K. J. GRLING AND M. H. NATHANSON 
Departments of Anaesthesia, City Hospital and Queen’s Medical 
Centre, Nottingham 


Mivacurium is metabolized by plasma chohnesterase (PCHE).’ 
Metoclopramide inhibits PCHE in vitro and ın vivo.’ We aimed to 
assess the effect of metoclopramide on the duration of action of 

Thirty ASA grade I or I patients scheduled for elective surgery 
were recruited. An initial blood sample was taken at insertion of a 
venous cannula (PCHE 1). Patients then received intravenous 
metoclopramide 0.15 mg kg’ (n=15), or saline (n=15) in a double 
blind manner. Anaesthesia was induced with fentanyl 2 pg kg” and 
propofol 2.5 mg kg" and mamtained by propofol infusion (6-10 
mg kg’ h") and 66% nitrous omde in oxygen. The lungs were ven- 
tiated to normocapnia and the forearm skin temperature kept 
above 32°C. Using a TOF Guard accelerometer (Biometer, 
Denmark) the ulnar nerve was stimulated in a train-of-four 
sequence at 15 8 intervals, recording the first evoked response mm 
the adductor pollicis (T1). After five minutes, mivacurium 0.15 
mg kg” was given over five seconds into a free running infusion. 
The time to 95% suppression of T1 (onset time), times to recovery 
to 25% and 90% of baseline T1, and recovery index (25% T1 to 
75% T1) were noted. A second venous blood sample was taken at 
maximum twitch suppression (PCHE 2). PCHE achvity was 
determined spectrophotometrically by the rate of benzoylcholine 
hydrolysis at 25°C (umol mI” min”). 

Three patients heterozygous for atypical PCHE and one patient 
(saline group) in whom T1 only recovered to 78% of baseline T1 
were excluded. The times to 25% and 90% recovery of Tl were 
prolonged in patients who received metoclopramide (table 5). 
PCHE activity within each group decreased (P<0.01) but there 
was no difference between the groups. 

Mivacurmim had a longer duranon of action in patients who 
received metoclopramide. This effect was evident even though 
inhibition of PCHE by metoclopramide was not demonstrated. 
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Table 5 Onset and recovery times (min) and plasma cholmesterase 
(PCHE) activity. Values are mean (SD) 


Metoclopramide 


Saline (n=12) (n=14) Pvalue 
(t teat) 

Onset time 3.2 (1.0) 2.6 (0.9) 0.11 
T125% 13.4 (3.7) 17.8 (3.9) <0.01 
T190% 21.9 (6.2) 28.8 (8.1) <0.05 
Recovery index 5.8 (2.1) - 7.5 (3.5) 0.15 
PCHE 1 1.15 (0.25) 1.13 (0.21) 0.9 
PCHE 2 1.0 (0.2) 0.99 (0.2) 0.9 
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Development of a self learning fuzzy controller for 
mivacurium induced neuromuscular block 


P J. CLaypon*, D. G. Mason*, J. C. ANDREJOWSKI* 
AND N. D. Epwarps 

Department of Anaesthetics, Barnsley District General Hospital, 
Barnsley 


We have previously shown the value of self learning fuzzy apes ss 
the control of neuromuscular blockade using atracurrum. 

have now adapted the controller for use with mivacurium. 
Mivacurium has a markedly different pharmacokinetic/pharmaco-~ 
dynamic profile from atracurium and therefore presents a greater 
challenge to the fuzzy logic controller. 

Ethics commuttee approval was obtained and 24 ASA 1, 2, or 3 
patients gave written informed consent for inclusion m the study. 
After induction of anaesthesia with alfentanil 10 pg kg” and a sleep 
dose of propofol, a Datex Relaxograph was calibrated. This was 
interfaced to an HP 200LX palmtop computer and a Graseby 
Medical 3400 infusion pump to give mivacurium. A loading dose 
of mivacurium 0.25 mg kg” was given to facilitate tracheal intuba- 
tion. Anaesthesia was maintained with a propofol infusion, nitrous 
oxide and oxygen, and morphine as appropriate. The setpoint for 
control was chosen as 10% of baseline twitch height. Fuzzy logic 
control of the infusion began when the T1 twitch height had 
returned to 5% of the baseline T1. Performance was assessed 
using T1 errors (actual T1 minus setpoint T1 value) during the 
period of neuromuscular control, using data logged by the com- 
puter.T1 errors were analysed for mean, standard deviation (SD), 
and root mean square deviation (RMSD). Mean muvacurium infu- 
sion rates for the period of control were also calculated for each 
patient. 

The performance of the controller with the initial five panents 
was poor and alterations were made. A further nine patients were 
studied with some improvement. A third version of the pro- 
gramme was then written and used on the final 10 patients. The 
results of this version are presented in table 6. 


Table 6 Summary of T1 error analysis and mrvacurium infusion 
rate 


Mean SD Range 


Error from set point (%) Mean -0.72 0.61 -1.85 to 0.47 
SD 2.51 0.97 1.26 to 3.83 
RMSD 2.96 1.02 1.57to 4.12 
(mg kg’ h`) Mean 0.38 0.13 0.2710 0.69 
sD 0.06 0.03 0.041t00.12 
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We have shown that self learning fuzzy logic is appropriate for 
the control of mivacurium induced neuromuscular blockade, 
although good control was more difficult to achieve than with 
atracurium 
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Residual neuromuscular blockade from 
pancuronium after cardiac anaesthesia 


C. VAN OLDENBEEK, P. KNOWLES*® AND N. J. N. HARPER 
Department of Anaesthesia, Manchester Royal Infirmary, Manchester 


Many studies have shown a high incidence of postoperative 
residual neuromuscular blockade after anaesthesia involving 
long acting muscle relaxants such as pancuronium.’ Residual 
neuromuscular blockade has been shown to increase the risk of 
postoperative pulmonary complications.’ The importance of this 
problem has not been investigated in cardiac anaesthetic practice, 
where pancuronium retains a considerable popularity. The aim of 
this study was to investigate the prevalence of residual block 
caused by pancuronium in postoperative cardiac surgical patients 
at the nme that they would normally be permitted to emerge from 
anaesthesia in the cardiac surgery unit (CSU). 

We studied 18 adult patients who had undergone open heart 
surgery and cardiopulmonary bypass. During surgery all had 
received pancuronium as the sole muscle relaxant. The dose of 
pancuronium was left to the discretion of the anaesthetist. 
Postoperatively the patients were sedated with a continuous intra- 
venous infusion of propofol, and their lungs were mechanically 
ventilated following routine practice in the CSU. From the time 
each patient arrived in the CSU, the train-of-four (TOF) ratio was 
measured at regular mtervals using electromyography of the 
adductor pollicis and stimulation of the ulnar nerve at a frequency 
of 2 Hz and with a current of 80 mA (Disa Neuromatic 2000). 
Initially the nursing staff caring for the patient were kept unaware 
of the results of the measurements. If TOF was <0.8 at the time 
when they expressed their intention to stop the sedation, sedation 
and mechanical ventilation were continued at the request of the 
investigator. Once three consecutive measurements showing 
TOF20.8 were obtained, the measurements were discontinued, 
sedation was stopped, and the patient’s trachea was extubated as 
clinically appropriate. 

Twelve of the 18 patients (95% confidence mterval 41% to 
87%) had a TOF of <0.8 at the time CSU staff wished to stop the 
sedation. At that point the median time after admission to CSU 
was 2 h (interquartile range 1 h 15 min to 3 h 17 mim) and the 
mean TOF in these 12 patients was 0.36 (SE=0.075, range 0 to 
0.7). Subsequently it took a median of 2 h 10 min (anterquartile 
range 57 min to 2 h 50 mim) to reach TOF 20.8. For all 18 patients 
the median time from admission to TOF 20.8 was 3 h 52 min 
Gnterquartile -range 2 h to 5 h 1 min).The mean pancuronium 
dose was 0.12 mg kg” (SE=0.007, range 0.08 to 0.18 mg kg"). 

These results show that in current cardiac anaesthetic practice 
commonly used doses of pancuronium leave a sizable proportion 
of patients partially paralysed at the time when they are allowed to 
regain consciousness in the CSU. 


Table 7 Cardiovascular responses 


Preinduction, t=-3 min Preintubation, t=0 mn 
Mean (95% C) Mean (95% CI) 

Group MAP MAP 

1 88 (4.5) 82 (5.9) 62 (4.9) 79 (6) 

2 91 (6.3) 85 (5.5) 59 (4.7) 81 (7) 

3 88 (4.3) 77 (5.9) 60 (3.5) 69* (4.7) 


637P 


Keywords: neuromuscular block, pancuronium; surgery, 
cardiovascular 


References 


1. Viby-Mogensen J, Chraemmer-Jorgensen B, Ording H. 
Anesthesiology 1979; 50: 539-541. 

2. Berg H, Viby-Mogensen J, Roed J, Mortensen C, Engbaek J, 
Skovgaard L, Krintel J. Acta Anaesthestologica Scandinavica 
1997; 41: 1095-1103. 


Comparison of different dose regimens of 
remifentanil on the cardiovascular response to 
orotracheal intubation 


N. A. P. LESLE*, A. P, HALL*, A. Fox*, N. KUMAR*, 
D. J. ROWBOTHAM AND J. P. THOMPSON 


University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


It is well documented that laryngoscopy and orotracheal intuba- 
tion produce a transient rise ın heart rate and blood pressure. 
Previously we have shown that remifentanil, 1 pg kg’, attenuates 
this response, but it may be associated with significant bradycardia 
and hypotension unless given with glycopyrrolate.' The aim of this 
study was to investigate in a randomized, double blind fashion the 
effect of a lower dose of remifentanil upon the cardiovascular 
response to intubation and the need for concurrent admunistration 
of glycopyrrolate. 

Sixty ASA I-II gynaecological patients (aged 20-56 years) were 
randomized into three groups: (1) remifentanil 1 pg kg” bolus with 
200 ps bolus of glycopyrrolate followed by infusion of 0.5 ug kg" 
min” infusion; (2) remifentanil 0.5 ug kg’ bolus with 200 pg bolus 
of glycopyrrolate followed by a 0.25 pg kg’ min" infusion; (3) 
remifentanil 0.5 ps kg” bolus with 1 ml saline bolus followed by a 
0.25 ug kg’ min” infusion. 

Each patient received a standardized general anaesthetic con- 
sisting of the remifentanil regime, followed by a sleep dose of 
propofol, rocuronium (0.6 mg kg”), and ventilation with 67% N,0 
in O, and 1% isoflurane. Laryngoscopy and intubation were 
performed three minutes after induction. Blood pressure was 
measured non-invasively by an automatic oscillometric device and 
pulse rate recorded from the pulse oximeter. Observations were 
recorded at 1 min intervals from before induction to 5 mun after 
intubation. Data were analysed using ANOVA and unpaired 1 tests. 
Power analysis determined that 18 patients per group were needed 
to have greater than 80% power to detect a difference in mean 
arterial pressure of 10 mm Hg between the groups (using data 
from our previous study’). 

The results are shown ın table 7. Baseline heart rate was similar 
in all groups, but decreased in group 3 (saline) after induction of 
anaesthesia, and remained lower after intubation compared with 
the other groups (P<0.05). There were no differences in mean arte- 
rial pressure between the groups at any time points in the study. 
There were small increases ın heart rate and mean arterial pressure 
after tracheal intubation, which were not clinically significant. The 
incidence of bradycardia or hypotension requiring escape medica- 
tion was low (7/60), with no differences between the groups. 
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Postintubation, t=1min Postintubation, t=5 mm 
Mean (95% CIT Mean (95% CI) 

MAP Pulse MAP 

73 (7) 85 (7) 62 (3.5) 80 6.5) 
75 (5.9) 90 (7.4) 61 (4.5) 78 (6.5) 
71 (4.9) 57 (2.9) 63% (4.9) 


CI, + value in brackets=confidence interval; MAP, mean arterial pressure (mm Hg); pulse, pulse rate (beat min’). 


*P<0.05. 
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An updated two dimensional model for 
anatomical/blade interaction in tracheal intubation 


P. CHARTERS, P. Groom, A. RoDRIGUES* AND D. GILLIES* 
Aintree Hospitals, Liverpool and Imperial Collage, London 


A three dimensional computer simulation of tracheal intubation is 
being developed with the aim of producing simulations based on 
patients’ individual tadiological i imaging data. Preliminary stages 

have been reported.'* The primitive two dimensional (2-D) 
anatomical/ blade interaction simulation’ and individual magnetic 
resonance images (MRI) were used as the starung point for the 
three dimensional simulation. As physical properties were incor- 
porated into tongue deformations ıt became clear that there was 
merit ın continued parallel development of the original 2-D model 
for comparison. 

The anatomical model described difficulty m terms of the 
restriction of forward movement of the laryngoscope blade relative 
to space available for the “residual volume of the tongue” (that 
part of the tongue not displaced to one side by the blade). Initial 
access to the oropharynx depends on blade shape and the degree 
of mouth opening (angles IJS and TIS) (fig 6). The eyeline is the 
tangent from where the laryngoscope flange touches the upper 
incisors to its pharyngeal surface. This depends on blade shape 
and depth of insertion into the pharynx. Blade shape and depth of 
insertion also influence forward blade rotation but this is mainly 
dependent on the tongue/space restriction (that is, how far for- 
ward the residual volume of the tongue limits forward rotation 
towards S). The tongue/space restriction is then modelled as a dis- 
tance along SJ—that is, SM. This distance describes the maximum 
forward position for the lingual surface of the blade. As restrictive 
conditions worsen so the laryngoscope blade is effectively rotated 
backwards until no view of the larynx 18 feasible. Backwards rote- 
tion is eventually limited by the posterior pharyngeal wall and 
increasing difficulty then becomes a combination of still more 
backwards rotation but with progressive limitation for depth of 
blade insertion. 





Figure 6 I, tip of upper ıncisors; T, anterior airway point at 
laryngeal inlet; J, midpoint between mandibular condyles; S, 
internal midpoint of ramus; X, intersection of JS and IT; Py 
posterior pharyngeal wall (arytenoid tip); P, posterior pharyngeal 
wall (at lower C2 body). 


Simple measurements allow reconstructon of a patients 
anatomical model. The limiting factor for this updated 2-D 
anatomical/blade interaction model is in accurately predicting SM. 
Degree of rotation of the blade about the incisors looks increasingly 
attractive as an objective measure of difficulty especially when com- 
bined with progressive hmitiation for depth of insertion. 
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Capnography during ventilation in intensive care 


S. SIGURDSSON’, A. LARSSON’, AND R, FLETCHER’ 
"University Hospital, Lund, Sweden;’Central Manchester 
Hospitals NHS Trust 


During pressure controlled ventilation (PCV) in lung disease, a 
given inflation pressure level is combined with other ventilatory 
settings to obtam adequate CO, removal. If “optmal” CO, 
removal could be defined, this might aid optimal ventilator adyust- 
ment. Such conditions could include those giving: (1) maximum 
CO, clearance; (2) maximum CO, clearance per unit ventilation 
(that is, lowest dead space ratio); or (3) maximum CO, clearance 
per umt mean or peak airway pressure. We have used the Siemens 
930 capnograph, which measures not only end ndal CO, 

(Pe'CO,) but also the minute elimination of CO, Vco,. This 
allows rapid assessment of the effect of any change in ventilator 
setting on CO, elimination, as any increase in , is proof of 
increased alveolar ventilation when metabolism is constant.” 

Permission to perform the studies was obtained from relatives of 
six mtensive care patients undergoing PCV with a Servo 900C 
ventilator. All patients were cardiovascularly stable and none had a 
Pao, of less than 9.0 kPa. Fio, was 0.30 to 0.75. Median positive 
end expiratery pressure (PEEP) was 10 cm H,O, and median 
Ppeak 29 cm H,O. After baseline observations at the patient’s orig- 
inal ventilator setting, all ventilatory and gas exchange variables 
were noted and blood gases taken. Ventilator rate was then 
changed randomly, in steps of multiples of 3 min”, between 9 and 
30 mun”, with other variables unchanged. New readings were 
taken after two minutes; Vco, was also noted at 30 and 60 seconds. 
The rate was then returned to baseline for two minutes. After new 
readings, another rate was chosen and the sequence repeated. At 
the setung which gave the greatest Vco,, blood gases were taken 
after 20 minutes. Thereafter inspiratory: expiratory (LE) ratio was 
varied between 1:3, 1:2, 1:1, and 2:1. 

We investigated 18 to 39 settings in each of six patients. In each 
patient maximum Vco, was obtained at a greater ventilatory rate 
than baseline. The maximum Vco, (at 120 s) that could be 
obtained by adjusung the ventilator (“best” setting) was greater 
than baseline Vco,; the mean increase was 5% (95% confidence 
interval 0.7% to 9.6%). The mean “best” Vco,, per unit mean 
airway pressure, exceeded baseline by 11% (5% to 15%). Median 
V/V, at baseline was 0.44, while at “best” setting it was 
0.51 (P<0.05). Median tidal volume was 0.70 litre at baseline and 
0.59 litre at best setting (P<0.05). Pao, and Sao, were unchanged 
at the optimum setting because end expiratory pressure varied ht- 
tle. At the baseline I:E ratio, a peak or plateau value for Vco, was 
evident at greater rate settings, and in five patients this was at more 
than 20 min”. If changing setting increased Vco,, the median 
value after 3D s at the new setting was 100.4% (100.1% to 
101.1%) of that at two minutes (n=80) If the change reduced 
Vo,, after 30 s it was 100% (99.2% to 101.1%) of the value at two 
minutes (n=89). 

This study shows that CO, eliminaton can be assessed within 30 
seconds of changing ventilator setung. Traditional low ventilator 
rates, with the lowest V/V do not clear most CO,. With high air- 
way pressures, Vco, per umt mean or peak airway pressure, the 
Measurement of which may minimize barotrauma, may be a more 
relevant venulatory index than V/V. This method allows rapid 
“trawling” to End a rational ventilator setting. 
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Comparison of plasma and urinary pro- and 
anti-inflammatory cytokine changes during cardiac 
surgery 


S. M. C. GorMLEY*’, M. A. ARMSTRONG*’, 

T. J. McMurray’ AND W.T. McBripe” 

Departments of Anaesthetics and "Immunobiology, The Queen’s 
University of Belfast; Department of Clinical Anaesthesia, 

The Royal Group of Hospitals Trust, Belfast 


Maintenance of pro- and anti-inflammatory cytokine homeostasis 
in plasma and ın the respiratory and gastrointestinal tracts has 
been shown to be important in a variety of inflammatory diseases.’ 
Cardiac surgery involving cardiopulmonary bypass (CPB) invokes 
changes ın this homeostasis within both the plasma and the organ 
systems.’ In this study we investigated the relation between plasma 
and urinary cytokine homeostasis ın patients undergoing coronary 
artery bypass grafting (CABG). 

Twenty patients undergoing elecuve CABG were anaesthetized 
with fentanyl 20-25 pg kg’, pancuronium 100-150 pg kg”, propo- 
fol (target concentration 0.54.0 pg mI’) and further imcrements 
of fentanyl. Baseline (sample 0) plasma and urine samples were 
obtained before and immediately after induction of anaesthesia, 
respectively. Further samples were obtained after cross clamp 
release (sample 1), and 2 and 24 h post-CPB (samples 2 and 3). 
The samples were analysed by ELISA using commercially available 
cytokine kits (Quantikine, R&D Systems Europe). The 
pro-inflammatory cytokines tumour necrosis factor a (TNFa) 
and interleukin-1f (IL-1) and the antiinflammatory cytokines 
TNF soluble receptor 2 (ITNFsr-2) and interleukin-1 receptor 
antagonist (IL-lra) were assayed. Aprotinin was not included. 
Within group results were analysed by Friedman’s analysis of vari- 
ance with Dunn post test as appropriate. 

IL-18 was not detected in urine or plasma at any time. TNFa 
was not detected in urine but was detected in plasma in only sam- 
ples 1 and 2 at concentrations of 11.1 (36.6) and 9.7 (15.2) pg 
ml" (mean (SD)) respectively. IL-1ra and TNFsr-2 were signifi- 
cantly increased in both plasma and urine when compared with 
baseline (table 8). The increases ın TNFsr-2 and IL-Ira in urine 
were greater than the increases in plasma and may be a useful 
alternative indicator of cytokine balance. 
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Use of a microdialysis system under hyperbaric 
conditions 


M. Hawains, K. HAYDEN* AND P. CHARTERS 


Artntree Hospitals, Liverpool, and North West Emergency Recompression 
Unit, Wirral 


Microdialysis is a technique for collecting interstitial substances ın 
vivo, with minimal tssue disruption.’ It is based on the transfer of 
substances down a concentration gradient across a dialysis mem- 
brane inserted into the tissue. Equipment produced by 
CMA/Microdialyais AB is CE labelled with probes for use ın 
human adipose tissue and skeletal muscle. The pump had been 
modified to include a small hole ın the casing. The probes connect 
to a syringe of dialysate at one end and a collecting vial at the 
other. A major concern in microdialysis is that of recovery—that 18, 
how well the concentration of a substance in the collected fluid 
reflects its interstitial concentration. Recovery is affected by 
dialysate flow rate, decreasing as flow increases.” The CMA system 
uses a flow of 0.3 pl min” through dialysis catheters of 30 mm to 
achieve recoveries around 100%. We wished to use the system in a 
hyperbaric chamber but its function at high pressure was not 
known. If flow increased markedly, recovery would decrease mak- 
ing interpretation of results difficult. With reduced flow, one would 
need to collect for long periods to obtain sufficient volume for lab- 
oratory analysis. We considered a flow between 0.2 and 0.4 pl min" 
would be desirable to ensure suitable collection volumes and opti- 
mum recovery. This bench test was carned out to check funcnon- 
ing of the system before performing any work in humans. 

The weight of 10 collecting vials was recorded. Deionized water 
was pumped through the probe using a CMA 106 pump and col- 
lected for 30 minutes into each vial, which were then weighed 
again; 9 ul water should be collected, which would weigh 0.009 g. 
The experiment was repeated after the pump had been subjected 
to 6 atmospheres absolute pressure (ATA), and then conducted 
twice in the hyperbaric chamber at 4 ATA using five vials. 

The results are shown in table 9. An unexplained decrease in 
flow (vial 10, first run) improved subsequently. This also occurred 
in the post-50m test (vials 6 and 7) but not when tested at pres- 
sure. On no occasion did we observe any marked increase in flow 
that might adversely affect recovery. 
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Sample 0 Sample 1 Sample 2 Sample 3 

TNFer-2 (pgmi') Plasma 1286 (1052) 1358 (2139) 2077 (2761)** 2471 (3441)** 

Urine 1946 (1187) 12257 (7711)** 12009(7117)** 14858 (7128)** 
IL-1ra (pg ml”) Plasma 229 (128) 527 (199)* 4597 (2340)** 1580 (1150)** 

Urine 841 (814) 4507 (2950)** 15325 (9373)** 11774 (8573)** 
*P<0.05; **P<0.01 v baseline. 
Table9 Flow (ul mm”) into each vial 

1 2 3 4 5 7 8 9 10 11 12 13 

1st run 0.35 0.31 032 0.31 0.32 0.30 027 0.28 0.26 0.09 0.11 0.25 0.29 
Post50m 0.24 0.27 0.22 0.22 0.18 0.02 0.06 0.17 0.19 0.24 — — — 


At30m(1) 0.26 0.23 0.21 0.22 0.21 
At30m(2) 0.37 0.30 0.28 0.28 0.30 
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Extravascular lung water and ARDS ~ oxygenation 
and outcome 


A. Davey-quinn, S. M. WHITELBY*, J. A. GEDNEY* 
AND M. C. BELLAMY 
Intensive Care Unit, St. James’s University Hospital, Leeds 


Adult respiratory distress syndrome (ARDS) comprises a constel- 
lation of pathophysiological events culminating in lung compli- 
ance, capillary permeability, and gas exchange defects. 
Non-cardiogenic interstinal and alveolar oedema are thought to be 
major determinants of the clinical lesion. We have therefore stud- 
ied the influence of extravascular lung water (EVLW) on oxygens- 
tion and outcome. 

We studied 11 consecutive ARDS patients with a Pao,/Fio, ratio 
(mm Hg) of <150, bilateral infiltrates on chest x ray, and pul- 
monary artery occlusion pressure less than 18 mm Hg. All panents 
were mechanically ventilated using a standardized ventilatory pro- 
tocol. Inspired oxygen concentration was adjusted to an initial tar- 
get Pao, of greater than 8.0 kPa. All patients received inhaled nitric 
oxide (NO) at a concentration of 20 vol millon”. Central venous 
and pulmonary artery pressures were measured. A 3F combined 
fibreoptic-thermustor catheter was introduced into the proximal 
abdomunal aorta and connected to an integrated fibreopuc moni- 
toring system (COLD Z-021, Pulsion, Munich, Germany). 
Extravascular lung water measurements were made by a dual indi- 
cator technique. Patients were managed with fluids and motropes 
according to a standard protocol. Results are expressed as median 
(range) or mean (SEM) as appropriate. 

Median age was 45 (27 to 60) years. Overall admission 
APACHE score was 31 (17 to 36). The overall duration of 
mechanical ventilation was 15 (6 to 28) days. Murray lung injury 
score, oxygenation data, and extravascular lung water index 
(EVLWD) on admission are tabulated. 

The results are shown m table 10. The only variables indepen- 
dently predictive of Pao,/Fio, ratio were positive end expiratory 
pressure (PEEP) (B=6.82 (1.94)) and EVLWI (B=-2.18 (0.45)), 
?=0.37, P<0.0001. In severe ARDS (Pao/Fio, <150 mm Hg) 
EVLWI was 24.4 (1.03) ml kg’ compared with 15.1 (1.5) ml kg” 
during moderate ARDS (P<0.001). Serum albumin also differed, 
at 29.4 (0.9) v 35.1 (1.7) g T' , P<0.005. PAOP was higher during 
periods of poor oxygenation, at 12.7 (0.4) v 9.3 (0.7) mm Hg, 
P<0.001. There were four survivors. Ages of survivors (50.5 (38 to 
60) years) and non-survivors (39 (27 to 57) years) did not differ 
(P=0.26). Murray score was similar in survivors, 2.8 (2 to 3), and 
non-survivors, 2.6 (2 to 3), P=0.6. APACHE score was 27.5 (17 to 
33) in the survivors and 33 (24 to 36) in the non-survivors 
(P=0.18). Survivors had greater initial EVLWI than non-sur- 
vivors, 31 (3.5) v 20.7 (2.4) ml kg", P=0.034, and went on to show 
a greater reduction in lung water than non-survivors, at 15.2 (3.0) 
v 5.4 (1.7) ml kg", P=0.013. Duration of mechanical venulation 
was greater in survivors, at 21.5 (15 to 23) days v 9 (6 to 28) days 
in those who died (P=0.088). 


Table 10 Measured variables 





Median Minimum Maximum 
Albumin (g I") 30 20 47 
Creatinine (mmol I’) 145 46 312 
EVLWI (ml ke") 20.8 8.7. 54.7 
Murray score 25 2 3 
Pao,/Fio, ratio (mmHg) 110.5 45.7 195 
EVLWI, extravascular lung water. 


Extravascular lung water is a marker of the severity of ARDS. 
Further work 1s required to assess the role of EVLWI manipulation 
on clinical outcome. 


Keywords: lung, adult respiratory distress syndrome 


POSTER PRESENTATIONS 
“On line” monitoring of cerebral evoked responses 
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'Gentre for Research into Anaesthetic Mechanisms, Departments of 
Biomedical Science, and *Automanc Control and Systems Engmeering, 
The Umversity, Sheffield 


British Journal of Anaesthesia 


During experiments to investigate the effects of anaesthetic agents 
it is often necessary to know whether the animal preparation is in a 
stable condition or whether the effect of an anaesthetic under 
study has (a) reached a plateau effect or (b) worn off. One very 
sensitive indicator of anaesthetic effect is the latency of the aver- 
aged cerebral response evoked by a peripheral stimulus. This 
latency can be measured in one of two ways. If the baseline of the 
response is electrically clean the regression hne of the baseline can 
be determined (fig 7A, R) and the latency estimated by determin- 
ing when the response deviates from the regression line by a fixed 
amount (fig 7A, L+). In this case ıt 1s then easy to measure the first 
positive wave of the cortical response (fig 7A, P) and the first nega- 
tive wave (fig 7A, N). If the baseline is not electrically clean the 
latency change between responses can be determined using a dif- 
ferent approach. For this the peak of the first positive wave is 
detected using an algorithm based on wavelet theory.’ The best 
slope of the line leading to this peak is then determined using an 
iterative regression determination in a control average. In subse- 
quent responses the average time difference between the slopes of 
the current response and the control response will give the latency 
change between these responses (fig 7B). Both methods have been 
programmed to allow their use “on hne” during an experiment 
and also “off line” for data measurement, thus allowing stored 
sequential long time period recordings of averaged evoked 
responses to be analysed easily. Comparison of manual data analy- 
sis and the automatic analysis shows that both methods are robust. 


A 


L+ 














Control 


Linear model 


<—_—_—_ Initia! peak 


Current 


Figure 7 Methods used to estimate the latencies of cerebral 
averaged evoked responses and to determine the amplitudes of the 
initial positive and negative waves of the responses. 
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Figure 8 Comparison of anaesthetists and anaesthetic assistants. 
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Can cricoid force be maintained for five minutes? 


J. Saan*®, O. Owen-Smrru*, E. PALLeTT*, S. COLEY 
AND R. ATCHESON 
Unrvernty Department of Anaesthesia, Leicester Royal Infirmary, 


The use of cricoid force was described by Sellick.’ Standard teach- 
ing is to maintain a force of 44 N until the airway 1s secured, 
although 30 N has been shown to be sufficient in cadavers.” The 
aim of this study was to determine if anaesthetists and anaesthetic 
assistants can mantan a force of 44 N on a simulated cricoid 
cartilage over a five minute period. We examined the force applied 
in their normal practice and then ability to maintain a cricoid force 
using visual feedback on a computer screen. 

All studies were performed on a bench model of cricoid cartil- 
age made from plastic (PTFE) which was fixed to a load cell (0-20 
kg). The load cell was connected to an amplifier and a computer. 
The applied force was recorded every second for a 5 min period. 
The force applied was displayed on a computer screen, which 
could be seen by the subject in the second part of the study. Each 
subject was assessed twice: (1) to apply cricoid force which they 
use in normal practice and maintain it for five minutes, (2) to 
apply cricoid force and maintain ıt for five minutes by observing a 
computer reading of force applied. 

In their normal practice none of the anaesthetic assistants and 
only 12% of the anaesthetists maintained a force of 44 N for five 
minutes (fig 8). With the force displayed to the subject this 
ımproved to 25% of anaesthetic assistants and 24% for the anaes- 
thetists, In their normal practice 13% of anaesthetic assistants and 
20% of anaesthetists maintained a force of 30 N for five minutes. 
With the force displayed this umproved to 37% for anaesthetic 
assistants and 40% for anaesthensts. 

The cricoid force used ın normal practice by both the anaes- 
thetists and anaesthetic assistants in our study falls well below 
that recommended. It improved when subjects were aware of 
the amount of force required but most subjects were unable to 
maintain a force of even 30 N for five minutes. 
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Effect of steroidal neuromuscular blocking drugs on 
norepinephrine uptake in SH-SYSY cells 


T. M. CEMBALA*, B. L. Appapu AND D. G. LAMBERT 
Umversity Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester 


The causes of cardiovascular side effects associated with the use of 
steroidal neuromuscular blocking drugs (NMBD) are unclear. 
Pancuromum and rocuronum may be associated with 
tachycardia’? and vecuronium with bradycardia.’ Previous work 
has shown that NMBD interact with m2 muscarinic receptors at 
clinically relevant doses.* Sympathetic stimulation leads to norepi- 
nephrine release and this affects the heart. Norepinephrine reup- 
take ın isolated rat hearts 1s inhibited by steroidal neuromuscular 
relaxants.’ In this study we have examined the effects of four 
NMBEDs on norepinephrine uptake ın SH-SYS5Y neuroblastoma 
cells as a model of human sympathetic neurones. 

All studies were performed in 0.5 ml of Krebs/HEPES buffer, 
pH 7.4, using a modification of the method described by Atcheson 
et al.’ Whole cells were incubated in the presence of NMBD 
(10*-10%) for 30 min. The reaction was started by addition of 
~41 nM [H]-norepinephrine and mcubated for a further 5 min. 
The reaction was terminated by vacuum filtranon on a Brandell 
cell harvester. Non-specific uptake was determined in the presence 
of 200M imupramine. [H]-Norepinephrine uptake was 
time dependent and inhibited by imipramine wrth a pIC,, of 
7.15 (0.06) (mean (SEM)) (fig 9). Pancuronium, vecuronium, 
and rocuronium inhibited uptake but a pIC,, value could not be 
calculated. 

The inhibition of [/H]-norepinephrme uptake did not occur at 
clinically relevant doses and as such norepinephrine uptake 1s 
unlikely to explain the cardiac side effects of these agents. 
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Figure 9 Inhibition of norepinephrine (NA) uptake by steroidal 
neuromuscular blockmg drugs and imipramine. Values are means, 
error bars=SEM (n=7 except for imipramine, where n=4). 
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Table 11 Duration of action and recovery following cisatracurium 0.1 mg kg” 








Children 

Mean SD Min 
T1=25% (min) 29.9 9.2 15 
T1=90% (min) 47.9 12.5 29 
T1 25-75% (min) 13.5 3.3 9 
T4/T1=0.8 (min) 53.3 8.5 40 
T1=25 toT4/T1=0.8 (min) 23.3 5.2 16 
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Pharmacodynamics of cisatracurium in children 
and adults: a comparative study 


M. Leuwer, O. Zuzan*, A. Luxas*,T. ScHULTZE-FLOREY* 
AND S. PIEPENBROCK* 


Department of Anaesthesiology, Hannover Medical School, Hannover, 
Germany 


To date, dose-response data for cisatracurium ın children during 
opioid anaesthesia have not been reported. The aim of this study 


. British Journal of Anaesthesia 
Adults 

Max Mean SD Min Max Pvalue 
44 34.8 6.9 20 45 0.1826 
67 54.2 9.4 38 71 0.1916 
18 14.0 4.0 8 21 0.7384 
70 63.0 75 48 74 0.0050 
32 28.2 4.5 22 37 0.0209 





was thus to provide such information while directly comparing the 
pharmacodynamics of cisatracurium in children and adults under- 
gomg the same surgical procedure, 

After approval by the local ethics committee, 15 children (2-12 
years) and 15 adults, ASA class I and I, undergoing elective 
cochlear implant surgery were included with their or their parents’ 
informed consent. Oral midazolam 0.3-0.5 mg kg" up to a maxi- 
mum of 10 mg was given as premedication. Anaesthesia was 
induced with methohexital 1-4 mg kg™ and remifentanil 0.5-1 g 
kg’ mm end maintained by continuous infusion of these agents 
and ventilation with N,O/O,. Neuromuscular transmission was 
monitored using train-of-four stimulation at 20 s intervals (Datex 
Relaxograph®) after anaesthesia was stabilized, using calibrated 
monitors. For determination of the dose-response relationship, 
patients were randomly allocated to receive an tial 
cisatracurium dose of 0.02, 0.03, or 0.04 mg kg’. Maximum block 
was recorded. At the time of maximum block following the initial 
dose, a supplementary dose of cisatracurium was given (0.08, 
0.07, or 0.06 mg kg", respectively) such that all patients received a 
total dose of 0.1 mg kg“. Duration and recovery data following the 
supplementary dose were compared using the Mann—Whitmey 
rank sum test. P=0.05 was considered significant. 

Data on duration of action and recovery are shown m table 11. 
ED50 and ED95 were 0.0376 mg kg’ and 0.0568 mg kg" in chil- 
dren and 0.0333 mg kg” and 0.0527 mg kg" in adults, respectively. 

Dose-response profile, clinical duration of action, and recovery 
of T1 height did not vary between children and adults. Tram-of 
four recovery was significantly faster in children. While it may be 
interesung to reflect on the underlying mechanisms of these differ- 
ences, therr clinical relevance 1s doubtful. 


Keywords: neuromuscular block, cisatracurium; pharmaco- 
dynamics 
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Agreement between ante~-mortem clinical diagnosis, 
death certificate and post-mortem causes of death in 
critically ill patients 


S. YALAMARTHI, S. RIDLEY AND T. BARKER 
Intensive Care Unit and Department of Pathology, Norfolk and 
Norwich Hospital, Norwich NR1 3SR 


Our aims were: (i) to determine agreement between ante-mortem 
clinical diagnosis, death certificate and post-mortem causes of 
death; (ii) to compare post-mortem rates on the intensive care unit 
with the national recommendations; and (iii) to determine the 
incidence of unexpected findings. 

‘The disease or condition leading directly to death da on the 
death certificate ana post-mortem report) was compared with the 
ante-mortem clinical diagnosis. The level of agreement between 
the ante-mortem cause of death, death certificate and post- 
mortem report was assessed. Unexpected post-mortem findings 
were noted and their probable impact on the patient’s outcome 
estimated. 

‘The post-mortem rate in our unit was 35%. Agreement between 
the ante-mortem clinical diagnosis and post-mortem diagnosis 
was higher (58%) than when the death certificate was compared 
with the post-mortem diagnosis (40%). Discrepancies between 
the ante-mortem clinical diagnosis and death certificate were 
found in 32% of cases. Unexpected findings were found in 42%, of 
which 9% could have influenced the patient’s final outcome. The 
commonest significant unexpected findings were misdiagnosis of 
myocardial infarction and pulmonary embolism. 

The study suggests that although the incidence of clinically 
important unexpected findings was low, post-mortem exammation 
offers the opportunity to amend the death certificates which we 
found did not agree with the clinical ante-mortem diagnosis in 
almost one-third of deaths. 


Keywords: intensive care; intensive care, audit; complications, 
mortality 


Changes in nocturnal oxygen saturation and 
ventilatory patterns in patients who have undergone 
prolonged mechanical ventilation 


A, Cursati, A. M. BATCHELOR, S. CooK, A. D. GASCOIGNE 
AND S.V. BAUDOUIN 

Department of Anaesthesta and Intensive Care, Royal Victoria 
Infirmary Trust, Newcastle upon Tyne 


There is a significant incidence of sleep-related breathing disor- 
ders after general anaesthesia with both obstructive and central 
apnoeas reported. We hypothesized that patients who underwent 
prolonged mechanical ventilation for critical illnesses would also 
have significant sleep-related disturbances in respiration. 

We performed a pilot study ın eight consecutive patients dis- 
charged from the intensive care unit who received more than 72 h 
of mechanical ventilation. Panents with a past history of chronic 
respiratory disease were excluded. Overnight multi-channel 
polysomnography was performed within 72 h of discharge using a 
Densa DMS500 system. Oxygen saturation, airflow, chest and 
abdomunal wall movement, and snoring were recorded continu- 
ously, and apnoeas, hypopnoeas and length of periods of desatura- 


tion calculated. All patients recerved continuous oxygen overnight 
during the studies. 

We studied eight patients (three males), median age 69 (range 
54-77) yr, with a median duration of ventilanon of 17 (range 
3-49) days (table 1). Seven patents had episodes of nocturnal 
hypoxaemia often associated with abnormal respiratory patterns, 
despite oxygen therapy. The apnoea/hypopnoea index was abnor- 
mal in seven patients (predominately obstructive in two and pre- 
dominately hypopnoeas in five) suggesting that sleep-related 
breathing disorders may be common after prolonged mechanical 
ventilation. 


Table 1 Incidence of nocturnal hypoxaemia and oxygen 
saturation values in the eight patients studied 


Patient Apnoea Minimum Time (%) in Time (%) 


No. index h” Sa, (%)  apnoea/hyponea Sa, <90% 
1 34 74 41 7 
2 20 74 16 44 
3 18 74 21 11 
4 15 79 11 39 
5 ll 59 6 36 
6 9 90 9 0 
7 5 80 6 43 
8 0 80 0 5 


Keywords: sleep apnoea; oxygen, saturation; ventilation, 
apnoea 


Use of pre-sedation GCS improves the performance 
of APACHE Ii when the GCS cannot be assessed 


S. J. Mackenzie, B. M. Livineston, F. N. MacKirpy AND 
J. C. Howe 

Scottish Intensive Care Society Audit Group, Department of 
Anaesthetics, Victoria Infirmary, Glasgow G42 9TY 


The GCS is an important component of the APACHE IN score 
When the GCS cannot be assessed because of sedation, APACHE 
assumes that the score is 15. The objective of this study was to 
examine the effect of using a pre-sedation GCS in this situation (as 
is done in SAPS) on the performance of APACHE IU. 

The APACHE II score, predicted and actual hospital mortality, 
were recorded for 10 326 patients admitted to 22 Scotush inten- 
sive care units during 1995-1996. When the GCS could not be 
assessed because of sedation, it was assigned a normal value. 
Scorers also recorded the pre-sedaton GCS for these patents, 
The APACHE III score and mortality prediction were then recal- 
culated using these values, producing an alternative database. 
Calibration and discriminaton of the two databases were com- 
pared using the Hosmer—Lemeshow statistic and area under the 
ROC curve, respectively. 

The GCS was assessed in 5202 patients but 5124 were recorded 
as being sedated. When the GCS of the sedated patents was 
assumed to be normal, APACHE II demonstrated good discrimi- 
nation but relatively poor calibration. When the pre-sedation GCS 
was used, both discrimination (P<0.001) and calibration 
improved. When patients who were sedated or had a neurological 
diagnosis were analysed separately, sumilar mmprovements were 
seen (table 2). 
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Table2 APACHE M (APH) score and alternative database. Calibration and discrimiation of the two 
databases were compared using the Hosmer—Lemeshow statistic and area under the ROC curve, 
respectively, for all patients, those sedated and those with a neurological diagnosis 


Area under ROC curve Hosmer—Lemeshow chi-square 

All patients Sedated Neurological All patiens Sedated Neurological 
APIO 0.8446 0.8098 0.8568 331.65 484.24 76.41 
Alternanve 0.8519 0.8156 0.8753 126.89 148.44 13.96 


When it is not possible to record the GCS in an ICU patent it 
may be preferable to use a pre-sedation value rather than assume 
that the GCS is normal. 


Keywords: intensive care; anaesthesia, neurosurgical 


Tracheal gas insufflation: performance ofa 
phase-specific device and quantification of changes 
in functional residual capacity in pigs 


J. Dineuzy, G. P. Finpay, B. A. Forx, R. A. LITTLE AND 
M. N. SMITHES 

Intensive Care Service, University Hospital of Wales, Heath Park, 
Cardiff CF4 4X W and North Western Injury Research Centre, 
Umversity of Manchester, Manchester M13 9PT 


Pressure and volume limitation may lessen ventilator-induced 
lung injury, and hypercapnia 1s tolerated. An adjunctive method 
to limit this is end-expiratory washout (EWO), flushing carbon 
dioxide from the area proximal to the carina at end-expiration. 
Problems include tracheal damage, increased functional residual 
capacity (FRC) and potential barotrauma. We have evaluated a 
prototype EWO system with novel features. 

The lungs of four anaesthetized Large-White pigs were venti- 
lated via a 8.0-mm internal diameter tracheal tube using a pres- 
sure-controlled mode at 12 bpm. A catheter delivered EWO gas to 
a point 1 cm above the carina. Maximum and minimum tracheal 
pressures were measured (P „max and P_,min). The study was 
performed in two phases. The first quantified the decrease m Paco, 
obtained using EWO while not allowing P, „max to increase. The 
second quantified the reduction in tidal volume allowed by EWO 
at isocarbia. Data were compared using the paired ¢ test, with 
P<0.05 considered significant. 

Mean weight was 49 (sp 5.8) kg. Carbon dioxide production 
and temperature were stable throughout. In phase 1, mean 
during EWO was lower than before EWO (8.28 vs 9.61 kPa; 
P<0.05), by 13.9%. This occurred despite the P „max and 
P aariin difference (AP ma) decreasing from 7.5 to 6.3 cm H,O as 
pressure-controlled mode held P „max constant. This was caused 
by an increase in P „min from 2.2 to 3.58 cm H,O causing an 
associated decrease in Vr, from 236 (53) to 199 (41) ml, and an 
increase in FRC of 72 (8.8) ml. 

In phase II, mean was held constant throughout (9.17 vs 
9.35 kPa; ns). EWO allowed a reduction in expired tidal volume 
from 233 to 162 ml (P<0.001), a decrease of 39.8%. AP_, also 
decreased during this phase (6.6 vs 5.2 cm H,O; P<0.05), mainly 
as a result of a mean increase in P „min from 2.0 to 4.7 cm HLO 
(P<0.05) as mean P „max decreased only slightly. FRC increased 
by 75.3 (25) ml. 

We conclude that EWO reduced at constant peak tracheal 
pressure or allowed reduction in inflaton pressure at isocarbia. 
Pressure-controlled modes are advisable because of small 
mereases in FRC. However, reduced lung compliance of any 
patient receiving EWO should lessen this. 


Keywords. lung, injury; lung, functional residual capacity; 
carbon dioxide, partial pressure; pig 


Nitric oxide synthase inhibition prevents endotoxin 
impairing hepatocyte mitochondrial function 


G. BeLLNGan*, M. Manji, H. Cooxstey* AND D. ROSSER 
Umversity of Birmingham, Department of Anaesthetics and Intensive 
Care, Queen Elisabeth Hospital, Edgbaston, Birmingham B15 2TH 


and *Bloomsbury Institute of Intensive Care Medicine, University 
College London, London 


We have reported previously that endotoxin (LPS) reduces the 
maximal capacity of Hep G2 cells to consume oxygen. This was in 
non-hypoxic cells, suggesting that at least some of the apparent 
anaerobic respiration seen in sepsis 1s related to a mitochondrial 
rather than a circulatory defect. g 

Oxygen consumption rate (OCR) was calculated from the rate 
of fall of Po, in a sealed vessel containing a Hep G2 cell suspen- 
sion. Introduction of a mitochondrial uncoupler (FCCP) during 
the fall in Po, allowed baseline and maximal OCR to be calculated 
from the same cell sample. Four groups were studied (m==12): con- 
trol group (group C); cells were exposed to L-NAME 1 pmol Itre” 
(group La), LPS 10 ug ml” (group E) or L-NAME 1 pmol litre” 
with LPS 10 pg mI” (group Ln-B). In acuition, media from groups 
C and E were tested for nitrite and nitrate concentrations using a 
standard colorimetric method. Statistical analysis was by factorial 
ANOVA (Fisher’s post hoc). 

OCR results are shown in figure 1. There was no significant dif- 
ference in nitrite and nitrate concentrations between group C (2.8 
(sp 0.25) pmol) and group E (4.5 (1.0) pmol) (P=0.054). 
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Figure 1 Maximal and baseline oxygen consumption rate (OCR) 
in the four groups. *P<0.05 vs control. 


These data support our previous work showing impairment of 
energy metabolism in hepatocytes exposed to LPS. Prevention of 
impairment of maximal OCR by L-NAME despite lack of a 
detectable difference in nitrite and nitrate concentrations between 
groups C and E suggests: (i) the nitric oxide effect 18 mediated by 
very low concentrations acting locally; (ii) nitric oxide production 
has ceased by 24 h but has a lasting defect; or Gu) L-NAME has 
other unknown effects. The current state of knowledge suggests 
that (i) is the more likely. 


Keywords: oxygen, consumption; pharmacology, nitric 
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Hypoadrenalism in children with septic shock 


M. Harueriy, S. M. Trssy, T. HLULARD, C. TURNER AND 
I. A. MURDOCH 
PICU, Guy’s Hospital, St Thomas’s Street, London SE19RT 


We have investigated the incidence and effects of adrenal insuffi- 
ciency (AJ) ın paediatric septic shock. 

We studied children admitted-to the PICU from May 1996 to 
April 1997 with septic shock. On admission, a short Synacthen 
test was performed (dose 145 pg m”™). Adrenal failure was defined 
as baseline cortisol <100 nmol litre’. AI was defined a priori as a 
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maximum post-synacthen increment of <200 nmol litre’ (non- 
responder group). Data were analysed using the Mann-Whitney 
test, Fisher’s exact test and chi-square test for trend. 

We studied 33 children (33% mortality (n=11)) with a median 
age of 48 (range 1-192) months and median PRISM 17 (4-36). 
AI was present in 17 patients (52%). One patient had adrenal fail- 
ure. Non-responders were more likely to require epinephrine for 
haemodynamic support (P=0.032; odds ratio 6.2; confidence 
interval 1.27-30 19) and also required higher dose vasopressors 
than responders, using either the paediatric motrope score 
(P=0.0038; chi-square test for trend) or the sepsis-related organ 
failure assessment score (P=0.023) (table 3). 


Table 3 Median (range) PRISM, cortisol concentrations and 
mortality rate in the 33 children with (non-responders) or without 
(responders) adrenal insufficiency 








Non-responders Responders 
Variable (n=17) (52%) (n=16) (48%) P 
PRISM 18 (9-36) 12 (4-26) 0.06 
Baseline cortisol 1018 (30-3264) 1083 (637-4553) 0.66 
Mortality (n (%)) 6 (35%) 5 (31%) 1.0 





We conclude that adrenal insufficiency occurred frequently in 
children with septic shock and was associated with increased vaso- 
pressor requirements, but not with increased mortality. 


Keywords: complications, hypoadrenalism; intensive care; 
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Effects of the selective inducible nitric oxide synthase 
inhibitor L-NIL on circulatory failure and multiple 
organ injury caused by endotoxaemia in the rat 


G. M. H. Wray, C. J. Hinos AND C. THIEMERMANN 
Wilam Harvey Research Institute, St Bartholomew’s Hospital 
Medical College, Charterhouse Square, London EC1M 6BQ 


We have mvestigated xf the highly selective inducible nitric oxide 
synthase (INOS) inhibitor L-N*-(1-1minoethyl)-lysine dihydro- 
chloride (L-NIL) can attenuate circulatory failure and multiple 
organ injury ın a rodent model of septic shock. 

Male Wistar rats were anaesthetized with thiopental 120 mg kg" 
1.p. The trachea, caroud artery, femoral and jugular veins, and 
bladder were cannulated. At 15 min after surgery, animals received 
E. coh lypopolysaccharide (LPS) 6 mg kg" 1.v. followed by infusion 
of saline 6 ml kg'h”. At 2 h after LPS, the infusion was either 
maintained (control, n=10) or replaced by a bolus dose (3 mg kg”) 
and then infusion of L-NIL 3 mg kgh” (n=8) in an equal volume 
of salme. Another two groups of rats not receiving LPS were given 
infusions of either vehicle (saline, n=10) or L-NIL (n=6). Animals 
were monitored for 6 h. Blood was obtained for measurement of 
indices of organ injury and total nitrite—nitrate concentrations. 

Endotoxaemia for 6 h resulted in significant hypotension, tachy- 
cardia, renal, liver and pancreatic dysfunction-failure, and a 
marked increase ın plasma total nitrite and nitrate concentrations. 
L-NIL signrficantly reduced total nitrite—nitrate concentrations 
and significantly attenuated delayed hypotension at 6 h after LPS 
The increases ın serum concentrations of urea and creatine 
(renal dysfunction), bilirubin, aspartate aminotransferase, alanine 
aminotransferase and y-glutamyl transferase (liver injury), and 
lipase (pancreatic injury) were not attenuated by L-NIL. 

We conclude that selective inhibinon of INOS activity with L- 
NIL resulted in restoration of arterial pressure, significant inhibi- 
tion of the ıncrease in plasma nuitrate—nitrite concentrations but 
did not prevent muluple organ dysfunction—-imjury caused by 
endotoxin ın the rat. 
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Effect of inhaled nitric oxide therapy on 
inflammatory response within the lung in ALI 


B. H. Cursperrson, H. F. GALLEY AND N. R. WEBSTER 
Anaesthesia and Intensive Care, Umversity of Aberdeen, Aberdeen 
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The use of exogenous inhaled nitric oxide therapy has become 
widespread in acute lung myury (ALI) Inflammatory mediators in 
bronchoalveolar lavage (BAL) fluid are thought to be important 
markers of the inflammatory process in ALI but the effect of 
inhaled nitric oxide on these mediators ın the lung is unknown 
Our aim was to study the effect of exogenous nitric oxide therapy 
on the inflammatory response ın the lung ın ALI. 

After obtaining approval from the Ethics Committee, we stud- 
1ed 30 patients with ALI, allocated randomly to either conven- 
tional ventilator therapy (m=15) or conventional therapy and 
inhaled nitric oxide (n=15). BAL fluid was collected at ume 0, 24 
and 72 h. IL-8, elastase, myeloperoxidase (MPO) and leukotriene 
B, and CDE, 1n BAL fluid were measured by ELISA. Panents were 
followed for 30 days or until death. 

Mortality rate was 47% ın the control group and 53% in the 
treatment group (P=0.76) and mean length of ICU stay was the 
same in both groups (19.1 days). The number of patients with 
resolution of ALI was similar in both groups but mean length of 
time to resolution of ALI was 7.5 days in the inhaled nitmc omde 
group and 12.4 days in the control group (P=0 006). There was 
a mean 47% improvement ın on introduction of inhaled nitric 
oxide therapy. There was no difference between control and treat- 
ment groups for IL-8, elastase or MPO concentrations n BAL 
fluid over the 72-h study. Leukotriene B, and CDE, concentra- 
tions increased in the inhaled nitric oxide group at 72 h (P=0 03 
and P=0 03) MPO concentratons at ume 0 were higher ın 
patients who died than in those who survived (P=0 04) 

Inhaled NO also reduced tme to resolution of ALI and thus 
ventilatory ume was reduced. Despite increased leukotriene con- 
centrations in BAL fluid, ınhaled NO therapy did not seem to 
effect any other inflammatory markers in ALI MPO may be a 
marker of prognosis in ALI. This work provides evidence of the 
efficacy of inhaled nitric oxide therapy without marked adverse 
effects on inflammatory processes 
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Effect of inhaled nitric oxide therapy on oxidant 
stress during ALI 


B. H. CUTHBERTSON, H. F. GALLEY AND N. R. WEBSTER 
Anaesthesia and Intensive Care, University of Aberdeen, Aberdeen 


The use of inhaled nitric oxıde therapy has become widespread in 
acute lung injury (ALI) despite no evidence that ıt improves mor- 
tality. It 13 thought that the oxidant—-antiomdant balance in ALI 
may be important and it has been shown that plasma lipid per- 
oxides (LPO) are increased in ALI. It 1s also thought that feedback 
inhibition of nitric oxide synthase (NOS) acuvity during inhaled 
nitric oxide therapy may explam rebound phenomena on inhaled 
nitric oxide withdrawal, but this has still to be demonstrated Our 
aim was to study the effect of exogenous nitric oxide therapy on 
oxidant stress in ALI. 

After obtaming approval from the Ethics Committee, we stud- 
ied 30 patients with ALI, allocated randomly to either conven- 
tional ventilator therapy (m=15) or conventional therapy with 
mbhaled nitmc omde (n=15). Serum and bronchoalveolar lavage 
(BAL) fluid were collected at time 0, 24 and 72 h. Patents were 
followed for 30 days or unul death. Total serum nitrate and minte 
concentrations were measured using the Greiss reaction, LPO 
using a colorimetric assay and BAL leucocyte NOS activity using a 
spectrophotometric technique at 413 nm. 

Serum total nitrate and nitrite concentrations increased ın the 
presence of inhaled nitric oxide therapy (P=0.02) but not in the con- 
trol group (P=0.67). Serum LPO did not change in ether group 
over the 72-h period (P20 3). NOS activity decreased in the inhaled 
nitric oxide group (P=0.01) but not in the control group (P=0 2) 

The increase in serum total nitrate and nitrite concentrations 
demonstrates the importance of this metabolic pathway in the 
metabolism of nitric oxide. The lack of change ın serum LPO sug- 
gests that there is no signrficant increase in total body oxidant 
stress during inhaled NO therapy. Down regulation of endogenous 
NOS activity could explain the rebound phenomena on with- 
drawal of inhaled nitric oxide. 
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POSTER PRESENTATIONS 


Serum albumin and colloid osmotic pressure in 
survivors and non~survivors of critical illness 


M. C. Brunt, J. P. NicHoison, T. Perris AND G. R. PARK 
Addenbrooke’s Hospital, Hills Road, Cambridge CB2 20Q 


We have compared changes in albumin and colloid osmotic pres- 
sure (COP) over time between survivors and non-survivors who 
stayed m the ICU for at least 7 days. 

Data were retrieved by retrospective analysis of ICU and 
biochemistry databases. All patients had daily measurements of 
albumin concentrations and twice weekly COP measurements 
throughout ICU admussion. They received crystalloid and colloid 
infusion, and parenteral and enteral feeding. Infusion of albumin 
was not used except that coincidentally present in blood products 
used to correct haematological abnormalities. 

We studied 145 patients (66 non-survivors, 79 survivors). Non- 
survivors were significantly older (mean age 58 yr) than survivors 
(49 yr). There was no significant difference ın APACHE II (mean 
18 for non-survivors; 22 for survivors), sex or length of stay 
(median 14 days for non-survivors; 15 days for survivors). 

Regression analysis of mean COP and albumin revealed that 
albumin contributed 17% towards COP in these patients. 

There was a similar decrease in albumin in non-survivors and 

. survivors (table: 4), which may reflect the inflammatory response 
or haemodilution, or both. However, survivors showed an ability 
to mcrease serum albumin concentrations possibly as a result of 
resumption of synthesis. COP varied little between or within 
groups, possibly because of the use of artificial colloids (predom- 
nantly Gelofusin). There was no relationship between death and 
COP. 


Keywords: intensive care; protein, albumin; blood, colloid 
osmotic pressure 


Changes in plasma antioxidant potential in aortic 
aneurysm surgery 


M. C. BLUNT, P. S. Curispin, P. J. Bacon, R. W. A. NOWICKI, 
D. K. MENON AND S. A. RIDLEY 

Norfolk and Norwich Hospital, Brunswick Road, Norwnch, Norfolk 
NR13SR 


We have assessed changes in plasma antioxidant potential (PAP) 
after elective and emergency aortic aneurysm (AAA) surgery and 
investigated possible causes for these changes. 

In patients undergomg AAA surgery, plasma was obtained 
before surgery, after operation following stabilization in the ICU, 
daly durmg ICU admission and 3 days after ICU discharge. 
Anaesthesia followed a standard protocol and use of propofol and 
mannitol was avoided. PAP, albumin, urate and bilirubin concen- 


British Journal of Anaesthesia 


trations were measured in each sample. PAP was measured by 
Tou the ability of plasma to impede an oxidative process in 


Ye studied 25 patients (elective: 15 survivors, two non-sur- 
vivors; emergency: four survivors, four non-survivors). Mean age 
was 75 yr and mean APACHE II score 14 (sp 5.6). Mean preoper- 
ative PAP was 45.2 (sp 6.8) %, which is below the previously 
determined normal range (55-65%). The ratio of postoperative to 
preoperative values revealed a decrease in both PAP (0.78 (sp 
0.12)) and albumin (0.68 (0.20)) relatrve to baseline (=1.00), 
unlike urate (0.97) and bilirubin (1.65). Regression analysis of the 
decrease in PAP showed no significant dependence on cross- 
clamp time, blood loss, transfusion volume or fluid replacement 
volume. However, 60% of the change in PAP was associated with 
change in albumin (P<0.001). PAP recovery was 0.90 of baseline 
GQR 0.80-1.00) by 5 days after surgery. Further regression analy- 
sis of this recovery showed an association between the increase in 
PAP and albumin values (53%, P<0.001). 

Plasma antioxidant potential appeared to bé low before surgery, 
which 18 consistent with studies showing reduced antioxidants in 
vascular disease. During surgery there was a decrease in PAP that 
was strongly associated with a decrease in albumin. It was not 
related to any measure of dilution or length of ischaemic cross- 
clamping. PAP approached preoperative values by 5 days after 
surgery. 
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Rapidly progressive loss of muscle mass in the 
critically il 


G. D.Yarwoop, M. Honavar*, C. J. HINDS AND 
J. H. CoakLey 


Departments of Intensive Care Medicine and *Histopathology, 
St Bartholomem’s Hospual, Smithfield, London EC1A 7BE 


Muscle wasting is common in critically ill patients and may lead to 
severe weakness. This may cause prolonged ventilator dependence 
and delayed hospital discharge. We investigated prospectively the 
severity of muscle loss in patients expected to stay in the ICU for 
more than 2 weeks, 

A muscle biopsy was obtained from the vastus lateralis under 
local anaesthesia within the first 48 h in the intensive care unit 
(CU). The procedure was repeated at weekly intervals up to a 
maximum of three biopsies. Samples were subjected to morpho- 
metric analysis to obtain mean fibre diameter for type I and II 
muscle fibres. 

Mean (sp) fibre diameters are shown in table 5. Median APACHE 
Tl score was 17 (range 8-36) and median organ failures were 3 (1-5). 

Differences between the first and second and between the first 
and third biopsies were significant (P<0.05) for both fibre types 
(paired t test). 


Table5 Mean (sp) fibre diameters (um) 








Typel Type I 
Patients with two biopsies (7=13) 
1st biopsy 55.5 (8.5) 49.5 (10.8) 
2nd biopsy 46.5 (7.0) 42.0 (9.3) 
Patients with three biopsies (n=5) 
Ist biopsy 46.0 (11.1) 41.4 (14.9) 
3rd biopsy 33.8 (4.1) 29.0 (8.9) 


Table 4 Albumin concentrations and colloid osmotic pressure (COP) in survivors (S) and non-survivors 
(NS). Values are mean (sp) or median (IQR). *P<0.05, **P<0.01 i 








Albumin (g litre”) Mean Minimum Time to minimum Mean after mmmum 
NS 15.7 6.1)* 10.3 (4.4) 5 (2-8) 18.6 (5.3)** 

s 18.3 (46 12344 7(3-14) 13.3 (6.1) 

COP (mm Hg) Mean Minimum Mean after minimum 

NS 19.1 (2.8)  163(2.7) 18.1 (3.1)** 

S 18.7 (2.4)* 16.0 (2.3) 17.8 (2.6) 
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In summary, there was rapid progressive loss of muscle mass in 
critically ill patients. Patients lost approximately 16% of muscle 
mass within the first week and 28% of muscle mass within the first 
2 weeks. This approximates to 8.4 kg of muscle per fortnight. 
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Muscle protein synthesis and glutamine 
concentrations after caecal ligation and puncture 
(CLP) in the rat 


M. J. O’Lzary, C. N. Fercuson, M. J. RENNIE*, C. J. Hinps, 
J. H. Coak.ey ann V. R .PREEDY** 

Intensrve Care Unit, St Bartholomew’s Hospital, London ECLA 7BE, 
*Department of Anatomy and Physiology, University of Dundee, 

DDI 4HN and **Department of Clinical Biochemistry, King’s College 
Hospital School of Medicine and Dentistry, London SES 9PF 


Muscle glutamine depletion may depress protein synthesis. We 
measured changes in muscle protein synthesis and glutamine in a 
rodent model of sepsis. 

Male Wistar rats were allocated randomly to groups of similar 
mean weight. Three groups underwent CLP and three laparotomy 
(LAP). Surviving animals were sacrificed at 24, 72 or 96 h. Rats 
were killed at the start of the experiment and at 96 h as controls. 
Rates of protein synthesis (Ks) were measured by the “flooding 
dose” technique. Muscle glutamine (gin) concentrations were 
measured by HPLC. Results are presented as mean (SEM). 
Statisucal analysis was by analysis of variance. 

Changes in gln and Ks for each group are shown.in table 6. 
Muscle gin was 5.85 (0.2) pmol g` at the start of the study and 
4.75 (0.28) pmol g` at the end (P<0.05); Ks was 7.48 (0.25) at the 
start and 6.45 (0.33) at the end in the control rats (P<0.05). 


Table 6 Changes ın protein synthesis (Ks) and glutamine (gln) 
concentrations (umol g`) after caecal ligation and puncture (CLP) 
or laparotomy (LAP) (mean (SEM)). *P<0.0001 compared with 10; 
+P<0.01 compared with LAP 





24h 72h 96h 
CLPgin 3.31(0.12)*t = 2.15 (0.14)*t 2.07 (0.26) *F 
LAP gin 4 04 (0.30)* 3.33 (0.20)* 3.42 (0.25)* 
CLPKs 3.28 (0.2)*+ 2.87 (0.24)* 3.33 (0.21)* 
LAPKs 5.03 (0.39)* 3.25 (0.31)* 2.66 (0.16)* 


Although both gin and Ks were reduced after CLP and LAP, the 
relationship between them was inconsistent in this model. 


Keywords: protein, synthesis; protein, amino acids; surgery, 
laparotomy; rat 


Quality of albumin from sepsis patients 


R: Hurst, Y. Bao, G. WILLIAMSON, M. RHODES* AND 
S. Rwiey* ‘ 
Biochemistry Department, Institute of Food Research, Norwich NR4 
7UA and *Intenstve Care Unit, Norfolk and Norwich Hospital, 
Norwich NRI 3SR 


Septic shock is frequently accompanied by a decrease in the 
antioxidant activity of plasma. Albumin constitutes a substantial 
part of the normal antioxidant activity of plasma, and so part of 
the decrease in antioxidant activity in septic shock may be caused 
by concomutant loss of albumin. We have examined the antioxidant 
quality of serum albumin from a septic patient in comparison with 
albumin from a normal subject. 

Albumin was purified from plasma using Heparin-Sepharose, 
Cibacron Blue and hydroxyalkoxypropyl dextran. The redox active 
sulphydryl group activity was measured by titration with 5,5’- 
dithiobis(2-nitrobenzoic acid). The ability of each albumin sample 
to reduce phospholipid hydroperoxides was assessed by high 
pressure liquid chromatography. 

The redox active cysteine 34 in human serum albumin was 
partly oxidized. The amount of reduced sulphydryl group was 
0.40 and 0.33 mol/mol in normal and septic subjects, respectively, 
whereas the reduction in phospholipid hydroperoxides was 
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0.07 nmol min” mg™ in both groups. The reduction in phospho- 
lipid hydroperoxides is a protective mechanism against lipid per- 
oxidation. The value for albumin reducnon of phospholipid 
hydroperoxides 1s novel and has not been reported previously. 

These preliminary results suggest that although albumin may be 
lost from the circulation, the quality of the remaming albumin is 
not compromised 1n septic patients. The clinical value of maintain- 
ing plasma antoxidant potential in the face of a septic insult has 
yet to be established. 


Keywords: protein, albumin; complications, sepsis 


Urine and plasma cytokine concentrations in the 
critically ill 


C. M. Gomez, J. SHELDON*, P. RICHES* AND M. G. PALAZZO 
Department of Intensive Care, Charing Cross Hospital, Fulham Palace 
Road, London W6 and *Department of Immunopathology, St George’s 
Hospital, London 


We have investigated urine and plasma cytokine concentrations in 
critically 11] adults to establish which, if any, are excreted by the 
kidney. 

We studied 14 patients (mean age 54 yr, median APACHE II 
14.5). Eleven patients had severe sepsis and three had the systemic 
inflammatory response syndrome. Matched blood and urine sam- 
ples totalling 27 sample pairs were obtained at weekly intervals. 
Blood was collected into lipopolysaccharide (LPS)-free tubes con- , 
taining disodium ethylenediaminetetraacetc acid (EDTA). Urine 
was collected into sterile containers. After immediate centnfuga- 
tion at 4°C at 4000 rpm, the supernatants were stored at —70°C. 

Tumour necrosis factor alpha (TNF-a), soluble TNF receptors 
(TNFR) I and II, mterleukin-1B (IL-18), IL-1 receptor antago- 
nist (IL-Ira), and IL-4, IL-6, IL-8, IL-10 and IL-13 were assayed 
by specific enzyme-linked immunosorbent assays (ELISA) (R&D 
Systems, Abingdon, Oxon, UK). 

Urine and plasma concentrations of IL-6, sTNFRI, sTNFRII, 
IL-ira and plasma IL-10 were greater than the upper limit of the 
assays, and were 10, 500, 500, 1000 and 50 pg ml’, respectively 
Mean TNF-a concentrations were 6.5 (range 0.5-65.1) pg mf’ in 
urine and 4.3 (0.4-18.5) pg ml" in plasma. Mean IL-13 concen- 
trations were 85.0 (40.5-146.3) pg mI’ in urne and 60.9 
(20.6-173.7) pg mI" in plasma. IL-B, IL-4 and IL-8 were unde- 
tectable in urine and plasma. 

Our findings suggest that ın these patents with severe sepsis or 
SIRS, TNF-a, sTNFRI, sTNFRIL, IL-1ra, IL-6, IL-10 and IL-13 
were excreted in urine and confirm previous findings that these 
cytokines are increased in plasma. 
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Outcome of mechanical ventilation for exacerbations 
of chronic airflow limitation 


J. H. COAKLEY, A. SUMNER AND C. N. FERGUSON 
Department of Intensive Care Medicine, Homerton Hospital, London 
E9 6SR 


We have determined :f the pessimism surrounding the intensive care 
of patients with chronic airflow limitation is justified by outcome 

We conducted a retrospecnve audit from the North East 
Thames intensive care unit (CU) audit database of patients with 
admission codes of COAD and asthma to compare with all 
patients in the database. Mean results are shown ın table 7. 


Table 7 Audit of database of patients with admussion codes of 
chronic obstructive airways disease (COAD) or asthma compared 
with all patients in the database. Mean results are shown 


All patients COAD Asthma 

n 20547 344 319 
Age (yr) 57 67 39 
ICU length of stay (days) 3.5 7.1 3.8 
Hosp. length of stay (days) 19.1 21.2 14.5 
ICU mortality (%) 18 21 6 

Hosp mortality (%) 24 35 11 
SMR 1.13 0.99 0.93 
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Two-thirds of asthmatic patients underwent ventilation for leas 
than 48 h, whereas 50% of patients with chronic airflow limitation 
required more than 48 h support. 

Patients with chronic airflow limitation were older than average 
ICU patients and spent twice as long in the ICU. Their ICU mor- 
tality was the same as other ICU patients but there was excess 
mortality on the ward. Undue pessimiam about patients with 
chronic airflow hmitation 1s difficult to justify. 


Keywords: ventilation, mechanical; intensive care, audit; 
tung, chronic obstructive airways disease 


Effect of Upoteichoic acid infusion on the pulmonary 
circulation in the anaesthetized pig 


A. P, H., Steere, C. M. Gomez, D. J. DICK, S. A. Nazir, 
M. J. Las anD M. G. A. PALAZZO 
Intensive Care Unit, Charing Cross Hospital, London W6 8RF 


There is recent evidence that lipoteichoic acid (LTA), a compo- 
nent of the gram-positive bacterial cell wall, is a mediator of 
sepsis.’ Our objectives were to investigate the effect of LTA in pigs 
and to develop a large animal model of gram-positive sepsis, 

Ten Landrace pigs, mean weight 22.3 (sp 2.1) kg, were anaes- 
thetized. Ventilation was adjusted to maintain within physio- 
logical limits and to avoid hypoxia. The left common carotid artery 
and internal jugular vein were cannulated and a pulmonary artery 
catheter was positioned via the right external jugular vein. After 
removal of the anterior chest wall, the heart was suspended in a 
pericardial cradle. All anumals received warm 0.9% saline solution 
to maintain pulmonary artery occlusion pressure at baseline. After 
stabilization five pigs received an infusion of LTA 250 pg kg” over 
30 min and five pigs received an equal volume of 0.9% saline. The 
Mann-Whitney U test was used for statistical comparisons. 

Mean pulmonary artery pressure (MPAP) at baseline was 22.4 
(sp 3.4) mm Hg in the LTA group and 20.2 (2. 8) mm Hg in con- 
trols, After 30 min, MPAP had increased to 37.0 (4.5) mm Hg in the 
LTA group but was unchanged in controls (19.2 (1.3) mm Hg) 
(P<0.01 LTA es controls at 30 min). In the LTA group, mean pul- 
monary vascular resistance index increased from 122.8 (58.5) mm 
Hg kg min litre” at baseline to 294.6 (109.6) mm Hg kg min litre’ 
at 30 min; control values were 107.5 (37.9) and 88.36 (20.0) mm 
Hg kg min litre’ (P<0.01, LTA vs controls at 30 min). 

Our finding that LTA caused an increase in pulmonary vascular 
resistance and pulmonary artery pressure in pigs supports the 
existing evidence that LTA is a mediator of gram-positive sepsis. 


Keywords: lung, blood flow; complications, sepsis; pig 
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Implications of methicillin-resistant Staphylococcus 
aureus in a general intensive care unit 


M. C. Buunt, D. J. Vora, N. Brown AND K. E. GUNNING 
Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2QQ 


Methicillin-resistant Staphylococcus aureus (MRSA) 18 an increas- 
ing problem in hospital practice, and in the ICU in particular. We 
have investigated the hypothesis that MRSA occurs in patients 
with a longer ICU stay and a higher mortality. We have also invest- 
gated the frequency of mterventions in patients with MRSA com- 
pared with controls matched for APACHE I score and risk of 
death. 

MRSA was cultured on admission or during ICU stay from 35 
patients over a 2-yr period. They had 46 out of a total of 976 
admissions. Each patient was matched for APACHE II score and 
risk of death with a MRSA-free control. There was no difference in 
ICU or hospital mortality (chi-square test) (table 8). 

MRSA patients stayed in the ICU for longer than matched con- 
trols, and required imterventions for longer (inotropes, PA 
catheters, antibiotics, TPN and enteral nutrition). This has signifi- 
cant financial implications. In contrast with other studies, we 
found no difference in either ICU or hospital mortality between 
MRSA patients and controls after admission risk adjustment. 
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Table 8 Patient and mortality data in the methicillin-resistant 
Staphylococcus aureus (MRSA) and control groups. *P<0.05, 
¥*P<0.01 Š 


MRSA Control 

Variable group group 
n 35 35 
Mean age (yr) 54.8 59.7 
Median length of stay (days) 31** 5 
Mean APACHE score 22.2 22.4 
Mean risk of death (%) 40.5 42.1 
Median daily TISS 26.4 26.7 
Died ın ICU (n) 7 7 
Died on ward (n) 7 3 
Discharged from hospital (n) 21 24 
Interventions (total No. of days) 

Inotropes 217* 95 

PA catheter 232* 119 

Anubiotics 667** 299 

TPN ‘ 500** 163 

Enteral nutrition 409** 203 
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Dosing regimens for nebulized gentamicin in 
intensive care 


M. SHERMAN AND C. ARMSTRONG 
Belfast Cuy Hospital Intensive Care Group, Department of 
Anaesthesia, Belfast City Hospital, Lisburn Road, Belfast BT9 7AB 


We have assessed two nebulized gentamicin dosing regimens in 
terms of respiratory and cardiovascular variables, and plasma and 
sputum concentrations. 

We studied 12 patients, without renal failure, requiring orotra- 
cheal mechanical ventilation for 3 or more days, allocated ran- 
domly to receive gentamicin 2 mg kg” 12-hourly (group A) or 1 
mg kg” 8-hourly (group B) via a standard nebulizer from a 7200a 
Puritan Bennett ventilator over 30 min. On days 1 and 3, respira- 
tory and cardiovascular variables were recorded before and 30 min 
after one administration, while corresponding sputum samples 
were obtained at 1, 2, 4, 6 and 12 h (group A) and 1, 2, 4,6 and 8h 
(group B). Plasma samples were obtained daily at 240 mun after 
dosing. Frequency data were compared using Fisher’s exact test. 
Trough sputum concentrations were compared between groups 
using the Mann-Whitney Wilcoxon test, as were respiratory and 
cardiovascular variables before and after administration. 
Significance was taken at P=0.05. 

The groups were similar in patient characteristics. Nebulization 
did not result in significant changes in physiological measure- 
ments. Both groups had similar plasma concentrations with none 
greater than 1 mg litre’, but group B was significantly more likely 
to have undetectable plasma concentrations than group A (six of 
18 and one of 17, respectively). Both groups had a similar inci- 
dence of peak sputum concentrations outside the range of the 
assay (1250 mg litre). Trough concentrations were highly variable 
and not significantly different from day 1 to day 3 within-or 
between groups (table 9). 


Table 9 Median (range) trough sputum concentrations (mg litre”) 
in each group 


Day 1 Day 3 
GroupA 61 (16-158) 108 (75~741) 
Group B 19 (13-395) 52 (10-279) 


Using a minimum inhibitory concentration for Pseudomonas 
aeruginosa of 4 mg litre as the target, admumistration of genta- 
micin 1 mg kg" 8-hourly produced high sputum concentrations 
with minimum plasma concentrations. 


Keywords: Intensive care; intensive care, infectlon; anti- 
biotics, gentamicin 
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Table 10 Pharmacokinetics of ceftazidime in patients and healthy volunteer (mean (sp)). AUC=Area 
under the curve; CEclearance. “AUCss, ÞAUCo and using 1g dose. *P<0.05 compared with healthy 


volunteers (unpaired Student’s ¢ test) 


AUC cl 

(mgh litre’) (itre h’) 
Patients 274.4 (141.5)" 9.3 (5.0) 
Healthy 
volunteers 153.5 (23.1)” 6.6 (1.0) 


Altered ceftazidime pharmacokinetics in critically ill 
patients 


J. J. Corpinciey, C. M. Gomez, C. EFTHYMIOPOULOS* 
AND M. G. PALAZZO 

Department of Intensive Care, Charing Cross Hospital, Fulham Palace 
Road, London W6 8RF and *Department of Clinical Pharmacology, 
Glaxo Wellcome Research and Development Lid, Greenford, Middlesex 


The pharmacokmetics of ceftazidime in critically il patients 
are likely to be different from those in healthy volunteers because 
of possible changes in volume of distribution and clearance. Our 
objective was to evaluate these potentially altered pharmacokinetics. 

We studied 15 adults, median APACHE II score 13 Gnterquar- 
tle range 4), with normal serum creatinine concentrations (mean 
78 (sp 21) pmol litre’) receiving ceftazidime 2 g i.v. 8-hourly. 
Blood samples were obtained at time points during one dose inter- 
val (8 h), centrifuged, separated and frozen. Serum ceftazidime con- 
centrations were assayed by high pressure liquid chromatography. 

Pharmacokinetic analysis was performed by computer 
C(WinNONLIN software) using a non-compartmental method and 
compared with values obtained from healthy volunteers (table 10).’ 

In this group of critically ill patients, the elimination half-life of 
ceftazidime was prolonged significantly because of a large increase 
in volume of distribution. 


Keywords: intensive care; antibiotics, ceftazidime 
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Effect of inter-hospital transfer on the general 
intensive care patient 


J. FENNELL, M. STOCKWELL AND A. MAKINEN 
ICU, St Heler Hospital, Wrythe Lane, Carshalton, Surrey SM5 LAA 


The absence of a vacant intensive care bed in the local hospital 
should not adversely affect critically ill patients. We have investi- 
gated how this ideal was almost achieved between 1993 and 1996. 

The South Thames (West) intensive care database collects data 
from 15 general intensive care units in the former South West 
Thames Region using a common computer program and indepen- 
dent validation for accuracy of recorded data; 6332 non-surgical 
general intensive care patients were analysed retrospectively for 
severity of illness using APACHE IN score. The APACHE III pri- 
mary system failure definitions were used. Survival to leave the 
reporting hospital was the outcome measure. Scores were com- 
pared by z test and outcomes by chi-square. 

The largest four groups only are shown for clarity (table 11). 


Volume of distribution Half-life 
(litre). (B) h) 
58.3 (27.0)* 4.8 (1.9)* 
13.6 (1.9) 1.8 (0.1) 


The data showed thar patients with primarily cardiovascular 
diagnoses were sicker and had a higher mortality than those in 
other groups. This implies that either a higher threshold for ICU 
admission 1s being used if transfer is necessary or patients in this 
group deteriorated during transfer. 
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Impact of a high dependency unit on the workload of 
an intensive care unit 


G. DHOND, S. RDLEY AND M. PALMER 
Elizabeth Fry Unu, Norfolk and Norwich Hospital, Brunsunck Road, 
Norwich NRI 3SR 


We have assessed the impact of opening a high dependency unit 
CHDU) on the workload of an adult general intensive care unit 
acu). ` 

Patients were enrolled during the 6 months before and 6 months 
after opening the HDU. Patient details, severity of illness 
(APACHE II), diagnosis and outcome were recorded prospec- 
tively. Bed occupancy was determined on a daily basis; 430 
patients were admitted to the ICU and 641 to the new ICU-HDU 
complex (49% increase). Patients nursed in the new HDU were 
older than HDU patients nursed in the ICU (mean 61 vs 53 yr) 
and stayed longer (median 0.92 vs 0.85 days). For critically il 
patients managed in the ICU, illness severity decreased after the 
HDU opened (median APACHE 13 vs 15). Duranon of stay was 
shorter (median 1.44 days compared with 1.54 days before open- 
ing the HDU). More HDU patients were admitted electively after 
the HDU opened (55% vs 43%) with no change m admission 
source for HDU patients. Only 14% of HDU admissions were 
transfers from ICU. Weekly occupancy of the ICU and HDU were 
variable. There were matching peaks and troughs on HDU and 
ICU occupancy over some months as HDU facilities were reduced 
as demand for ICU beds increased. ICU occupancy decreased 
after the HDU opened (77-71%). Occupancy of HDU beds 
increased by 35-61% and was lower at the weekend. The cancella- 
tion rate for major operations decreased from 28 m the 6 months 
before opening the HDU to 18 in the 6 months after. 

Expanding critical care services resulted in increased demand, 
mainly for HDU care after elective surgery. These results suggest 
that the overall severity of illness of patients m hospital may 
have decreased, as judged by decreasing severity in ICU. Overall 
expenditure on these services is unlikely to fall. 


Keywords: Intensive care; intensive care, audit 


Table 11 APACHE I score and mortality of transferred (Tr) and non-transferred (NT) non-surgical 
general intensive care patients in the four largest groups (cardiac, respiratory, GI and neurological). 


*P<0.05 

Total Cardiac 

Tr NT Tr NT 
n 585 5747 124 2634 
Score 62.7 61.5 72.1* 61.3 
Mortality (%) 32.6 32.5 46.8* 34.0 
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Impact of consultant surgeon appointments on 
intensive care workload 


N. NANDWANI, S. H. KIANI AND P. SPIERS 


Department of Anaesthesia, Leicester General Hospital NHS Trust, 
Gwendolen Road, Leicester LES 4PW 


Between 1993 and 1996, there were sx new consultant surgeon 
appointments (four additional and two replacement posts) at 
Leicester General Hospital (LGH) NHS Trust, a teaching hospital 
where the surgeons are organized into two teams. To coincide with 
these surgical appointments there were no targeted increases in 
funded beds ın the mtensive care unit (ICU). It was thought that 
after each new appointment there would be a redistribution of 
work within each team of surgeons. We assessed the impact of 
these changes on ICU workload. 

We reviewed the number of ICU admissions and ICU bed days 
for each team in the 6-month period before and after the arrival of 
the first patient of each new consultant surgeon. 

After the appointment of the additional surgeons, there were 
significant increases m the number of ICU admissions 
(7.3-9.9/month) and ICU bed days (36-53.7/month) for the new 
surgeon’s team (P<0.01, Mann-Whitney). However, after the 
appointment of the replacement surgeons, there were no signifi- 
cant changes in the number of ICU admissions (8.1—7.6/month) 
or ICU bed days (40.8—36) for the replacement surgeon’s team. 

The appointment of additional consultant surgeons resulted in 
an increase in demand for ICU resources. There were no resource 
implications after the appointment of the replacement surgeons. 
As there were no targeted increases in ICU resources over the 
same period of time, this resulted in an increase in the number of 
refused admissions, inter-unit transfers and an increase in the 
compennon for beds for major elective surgery. In response to this 
there has as been an expansion in ICU resources. 
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A critical care liaison service 


C. Hickey and M. J. ALLEN 
ICU, Ulster Hospual, Dundonald, Belfast BT16 ORH 


Faced with an increasing demand to admit patients to a limited 
number of intenstve care beds, a critical care liaison service aimed 
at bringing specialist skills to crincally ill patients on general wards 
was set up at our hospital. Our results are reported. 

Indices based on simple clinical measurements and considered 
indicative of serious physiological disturbance were identified: 
heart rate <45 or >125 beat min’, systolic arterial pressure <90 
mm Hg, ventilatory frequency <8 or >30 bpm, Sp, <90% on 24% 
oxygen, <9.0 kPa, >6.5 kPa on 24% oxygen, pH <7.25 
and Glascow coma scale <8 or a decrease >2 points. 

Patients meeting any one of these criteria were notified to the 
intensive care unit (CU) and subsequently assessed by a senior 
intensive care physician. 

We studied 18 patients over a 4-month period; five patients 
(27%) were treated successfully on the ward. Admission to the 
ICU was considered inappropriate in another five patients. Eight 
patients were admitted to the ICU (six were discharged back to the 
ward after successful treatment). The majority of calls (72%) fol- 
lowed deterioration m respiratory status. All calls apart from one 
were received before midnight. 

The establishment of a critical care liaison service promoting 
early recognition and treatment of seriously ill patients on the 
ward has resulted in a reduction in the number of non-essential 
ICU admissions by optmuzing the quality of patient care outside 
the ICU. 


Keywords: Intensive care, audit 
As seen on TV: cardiopulmonary resuscitation and 
television dramas 


S. WILLIAMSON, P. N. GORDON AND P. G. P. LAWLER 
Intensive Therapy Services, South Cleveland Hospital, Marton Road, 
Middlesbrough TS4 3BW 


-British Journal of Anaesthesia 


The advent of prompt resuscitation and ready availability of inten- 
sive care have produced moral dilemmas concerning the appropn- 
ateness of cardiopulmonary resuscitation (CPR). If patients and 
relatives are to become more involved in decision making, they 
require accurate and clear information. The background CPR 
knowledge of the public has been shown to be derived from televi- 
sion. The portrayal of successful CPR on television may influence 
the demand for resuscitation. Patient desire for resuscitation and 
intensive care is influenced by expected outcome. To explore tele- 
vision as a source of knowledge, we analysed resuscitation 
attempts portrayed in four popular television medical dramas with 
frequent emergencies. The UK viewing figures were 8-14 million. 

We viewed a total of 73 episodes of “Cardiac Arrest” (World 
Productions), “Medics” (Granada), and “999” and “Casualty” 
(BBC). For each occurrence of cardiac arrest, the following were 
analysed: whether CPR was undertaken, initial outcome, esti- 
mated age group of the patient, sex, presumed diagnosis, CPR 
sequence and on-screen death (table 12). 


Table 12 Occurrence of cardiac arrest in 73 episodes of four TV 
medical dramas (“Cardiac Arrest”, “Medics”,“999” and 
“Casualty”) 


TV programme Episodes Arrests Resuscitations Success 





999 9 6 6 6 
Casualty 26 18 11 1 
Cardiac Arrest 27 29 16 4 
Medics 11 5 5 2 
Total 73 58 38 (65%) 13 (34%) 


The Brinsh programmes gave immediate success rates compa- 
rable with the UK BRESUS study of 3765 arrests. Despite this, 
the public remains overoptumistic about the likely outcome. This 
may be because of a natural reluctance to believe that not all med- 
ical interventions are successful. Alternatively, these programmes 
form only a small part of the total exposure of the public to dramas 
featuring critical liness. 


Keywords: heart, resuscitation 


Employment of a resuscitation training officer 
improves delivery of cardiopulmonary resuscitation 
in a district general hospital 


J. M. FELDEN, N. BRADBURY, T. M. CooK anD J. HANDEL 
Department of Anaesthesia, Royal United Hospital, Bath BAI 3NG 


We have assessed the effect of the arrival of a resuscitation training 
officer (RTO) on the delivery of cardiopulmonary resuscitation 
(CPR) in a district general hospital (DGH). 

We performed a two-stage audit of all arrest calls over two 3- 
month periods before and 9 months after employment of the 
RTO. The duty intensive care anaesthetists completed an audit 
form for all hospital cardiac arrests attended. 

The first stage audit covered 92 arrests, the second 67. The 
number of mappropriate calls decreased from 20% to 2%. 
However, 18% of appropriate calls in the second audit did not 
warrant treatment. Effective initial airway management, as 
assessed on arrival of the anaesthetist, improved from 41% to 81% 
(P=0.000001). Advanced life support (ALS) guidelines were pre- 
sent at all arrests ın the second audit compared with 32% previ- 
ously. Although ALS guidelines were followed m 85% of arrests in 
the second audit (an increase from 79%), this was not statistically 
significant. However, nursing staff applied BLS guidelines appro- 
priately in 91% of cases in the second audit. Equipment faults 
were the same (15% us 16%); 50% of these faults were beyond the 
control of the RTO. à 

After a period of only 9 months in post, an RTO can achieve sig- 
nificant improvements ın the delivery of CPR. These were found 
to be greater in areas subject to nursing jurisdiction (e.g. BLS) and 
less ın those of predominately medical staff jurisdiction (e.g. “do 
not resuscitate” orders and ALS). This may reflect the concentra- 
tion on nurse education in the initial phase of the post. 


Keywords: intensive care, audit; heart, resuscitation 
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Long-term outcome of patients treated in a district 
general hospital intensive care unit after severe 
sepsis or SIRS 


A. C. Witxins, G. Kosuy, A. HARMSWORTH AND 

C. S. WALDMANN 

Department of Intensive Care, Royal Berkshire Hospitals, London 
Road, Reading RG1 SAN 


Once a patient has improved adequately to be discharged from the 
ICU, there 1s, at present, only sporadic documentation of out- 
come. There 1s only anecdotal evidence of problems long after a 
patient has left the ICU. Over the past 4 yr, we have set up a fol- 
low-up programme in Reading to determine the long-term prob- 
lems after critical illness in our ICU patients. 

Data were collected on patients admutted to the ICU with a diag- 
nosis of multiple organ failure (MOF) secondary to sepsis or sys- 
temic inflammatory response syndrome (SIRS) in a 12-month 
period from 1995 to 1996. Mortality data were recovered from the 
ICU, within the hospital after discharge from the ICU and within 
1 yr. All surviving patients with a length of stay greater than 4 days 
were invited to attend a follow-up clinic at 2, 6 and 12 months after 
discharge. In the clinic, indices of physical and psychological recov- 
ery were monitored and, where appropriate, referrals arranged. 

The results were as follows: (1) mortality: 46% of patients died 
in the ICU, 7% died in hospital after discharge from the ICU and 
4% died within 1 year of discharge from the ICU; (2) morbidity: 
problems associated with tracheostomy (30%), abnormal lung 
function at 1 yr (45%), impaired creatinine clearance at 1 yr 
(33%) and post-traumatic stress disorder (PTSD) (55%); (3) 
referrals: 26 referrals were made for 11 patients, including to ENT 
surgeons, PTSD counsellors and chronic pain specialists. 

Both mortality and morbidity were high in this group of ICU 
patients and many of the survivors needed further specialist referral. 
Therefore, we feel an “intensive after-care” approach after “inten- 
sive care” is an mmportant area for future development by ICU staff. 
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Audit of pulmonary artery catheter insertion and use 
in the first 24h 


S. Murpocu, A. THESDALE, J. THORNTON AND S. DEAN 
Intensive Care Unit, St James’s Umversity Hospital, Leeds LS9 7TF 


We have determined which grade of medical staff initiates inser- 
ton of a pulmonary artery catheter and how often the catheter is 
used within the first 24 h. This follows the recent controversy on 
the use and misuse of pulmonary artery catheters and anecdotal 
evidence that once inserted they are not used. 

For 50 consecutive pulmonary artery catheters, we determined 
who requested insertion of the catheter, who inserted the catheter 
and how often it was used in the first 24 h after insertion. This was 
done without informing other members of staff on the unit to pre- 
vent any change in normal practice. 

A total of 49 forms were completed, of which four wére incom- 
plete, leaving 45 available for analysis (table 13). 


Table 13 Catheter use according to grade of medical staff 


Grade of medical staff Requesting catheter Inserting catheter 


Consultant 29 (64.4%) 2 (4.4%) 
Senior registrar 7 (15.6%) 6 (13.3%) 
Registrar 6 (13.3%) 20 (44.4%) 
SHO 3 (6.7%) 17 (36.8%) 
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The catheter was used on average 3.8 times ın the first 24-h 
period (range 1-10). The results of use showed that if the registrar 
placed the catheter of his own volition, 1t was used least often, 
while if the SR placed 1, it was used most often. Five catheters 
were used only once in the first 24 h (four of these patents had 
liver failure and one cardiogenic shock). 

The majority of pulmonary artery catheters were placed at the 
request of a senior member of staff, they were sited by more junior 
medical staff and they were used more often than anecdotal evi- 
dence would suggest. 
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Use of remifentanil in the transfer of the critically ill 


N. Storey, J. Ducum, V. MuR, S. MACKINNON 
AND À. BINNING 
Climcal Shock Study Group, Western Infirmary, Glasgow G11 6NT 


We have evaluated the efficacy and safety of remifentanil during 
transfer of the critically ul. 

. We studied 10 ventilator-dependant patients requiring transfer. 
Normal transport practices and monitoring were adhered to but 
remifentanil was the sole sedative analgesic drug. A bolus of 1 pg kg" 
followed by infusion of 0.5 ug kg’ min` was given. Measurements of 
heart rate, mean arterial pressure (MAP), arterial blood-gas ten- 
sions, ventilator settings, airway pressure and sedation score were 
obtained before, during and 10 min after cessation of infusion. 
Patients were excluded if they had uncontrolled arrhythmia, hyper- 
tension or hypotension, acute head injury, opioid hypersensitrvity 
or were receiving long-term treatment with sedatrves or opioids 
resulting in low sedation scores. 

Sedation scores were reliably reduced during transfer and 
reverted to pre-transfer levels within 10 min of stopping rem:fen- 
tanil. MAP decreased initially after the bolus dose but responded 
rapidly to reductions in infusion rate and/or i.v. fluids. All MAP 
values returned to within 20% of pre-transfer values 10 min after 
transfer. Remifentanil alone allowed mechanical ventilation ın all 
but one patient. Oxygenation did not deteriorate significantly and 
pre-transfer levels of ventilator dependence were attained 10 min 
after stopping the infusion. 

Remifentanil provided reliable, rapidly reversible respiratory 
depression allowing mechanical ventilation without the use of neu- 
romuscular blocking agents. Although MAP decreased after 
administration of the bolus dose, this effect was predictable and 
easily reversed. Sedation level increased or decreased rapidly, 
enabling accurate neurological assessment much earlier than pre- 
viously possible. 
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Relationship between mixed venous oxygen tension, 
oxyhaemoglobin saturation and arterial oxygen 
tension in acute respiratory distress syndrome 
(ARDS) 


J. D. EDWARDS 
University Hospital of South Manchester, Nell Lane, Manchester M20 
2LR 


Med venous oxygen tension P¥,, and mmed venous haemogiobm 
saturation (S7) may influence arterial oxygen tension (Pa,) by 
complex mechanisms. It has been stated that increases in cardiac out- 
put (CO) increase the degree of pulmonary venous admixture 
(Qs/Qt) and reduce Pa, I hypothesized that this might not be the 
case in ARDS where SẸ, was less than 75%, whatever the level of CO 


Table 14 Haemodynamic variables recorded before (T,) and after (T,) a dee ia increase in oxygen 
delivery (mean (sp)). *P<0.05; **P<0.01 (T, compared withT,) 





CI PY, SY, 
(itremin'm) (kPa) (KPa) (9%) 
4.1 12.4 4.6 65.2 
(0.8)* (2.5)* (0.5)* (6.0)** 
5.1 15:7 5.6 74.4 
(0.8) (2.4) (0.4) (3.4) 








Do, OER QOs/Ot Pag /Fip, 
Qitremin*m™) (%) (%) (kPa) 
655 24.9 38.8 14.0 
(135)** (3.6)** = 3.7) (4.5)** 
817 18.5 38.4 21.6 
(129) (2.7) (4.2) (5.8) 
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Table 15 Clearance and urinary excretion of tumour necrosis factor alpha (TNF-a) and interleukin-13 
(L-13) in critically ill adults. C1 =Cytokine clearance, E.=cytokine excretion (=urine flow x urinary 
cytokine concentration) and fractional excretion of cytokine (Fex,) =C//Cl, (mean (range)) 


Urinary concn Clearance (Cl) 

(pg mI") (ml min”) 
TNF-a 6.5 (0.5-65.1) - 4.5 (0.1-29.6) 
I-13 85.0 (40.5~—146.3) 4.1 (0.8-14.4) 


because of the shape of the haemoglobin dissociation curve and the 
known ventilation to perfusion ratio (V7Q) abnormalities mn ARDS. 

We studied prospectively 10 patients with ARDS. All required a 
minimum of 0.6 (mean 0.85) which was reduced by at least 
0.1 during the study. Before (T,) and after (T,) a therapeutic 
mcrease in oxygen delivery (Do,) the following variables were 
recorded: cardiac index (CD, Pag, Př Shp Do,, oxygen extrac- 
tion ratio (OER), Pa, /Fi,, ratio and Qs/Qt (table 14). 

In ARDS, where SY, is less than 75% and if oxygen consump- 
tion remains constant, an increase in PV, caused by an increase in 
Do, significantly increases Pa, . The only other therapeutic option 
under these circumstances would be to alter ventilator settings to 
produce a very high V/Q which is neither practicable nor safe. 
Difficulty ın maintaining adequate Pa, in ARDS is an indication 
for Põo, and SVa, measurement and manipulation. 


Keywords: oxygen, tension; oxygen, saturation; lung, acute 
respiratory distress syndrome 


Renal clearance of TNF-a and IL-13 in critically ill 
patients 


C. M. Gomez, J. SHELDON}, P. RicHest AND M. G. PaLazzo 
Department of Intensive Care, Charmg Cross Hospital, Fulham Palace 
Road, London W6 and +Department of Immunopathology, St George’s 

Hospital, London 


Excretion (Œ) Fractional excretion 
(pg min“) (Fe,,.) é 
14.81 (0.7-225.8) 0.09 (0.0-0.5) 

193 (50.1-544.6) 0.1 (0.0-0.8) 


In order to study the role of the functioning kidney in the elimina- 
tion of inflammatory mediators, we have investigated clearance 
and urinary excretion of tumour necrosis factor alpha (TNF-a) 
and interleukin-13 (IL-13) in critically ill adults. 

We studied 14 patients (mean age 54 yr, median APACHE II 
score 14.5). Eleven patients had severe sepsis and three had the 
systemic inflammatory response syndrome. Matched blood and 
urine samples totalling 27 sample pairs wére obtained at weekly 
intervals. Blood was collected into lpopolysaccharide (LPS)-free 
tubes containing disodium ethylenediaminetetraacetic acid 
(EDTA). Urine was collected into sterile containers. Both were 
centrifuged immediately at 4°C at 4000 rpm and the supernatants 
stored at -70°C. TNF-a and IL-13 concentrations were assayed 
from plasma and urine by specific enzyme-linked immunosorbent 
assays (ELISA) (R&D Systems, Abmgdon, Oxon, UK). 
Creanmmne clearance (Ci), cytokine clearance (CL), cytokine 
excretion (E =urine flow x urinary cytokine concentration) and 
fractional excretion of cytokine (Fax =Cl/Cl..) were calculated 
using standard formulae (table 15). 

Mean creatinine clearance was 66 (sD 38) ml min”. 

TNF-a and IL-13, usually undetectable in the urine of normal 
subjects, appear to undergo renal elimination in patients with 
severe sepsis or SIRS. 


Keywords: polypeptides, cytokines; intensive care 
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CORRESPONDENCE 


Propofol and postoperative nausea and 
vomiting 


Editor,—I read with interest the article by Bree and colleagues’ on 
combining propofol with morphine patient-controlled analgesia to 
prevent postoperative nausea and vomiting (PONV). They showed 
that addition of propofol did not decrease the incidence of PONV. 
I would like to suggest some explanations for their results. 

The authors correctly pointed out that the plasma concentra- 
ton of propofol for 50% reduction in nausea scores in a group of 
postoperative patients was 343 ng mI.’ This concentration may be 
achieved with a bolus dose of propofol 10 mg followed by connnu- 
ous infusion of 1 mg kg‘ h”. Therefore, a 70-kg patient would 
receive 70 mg h”. In Bree and colleagues’ study, the propofol 
treated group used a mean dose of propofol 9.8 (95% CI 
7,512.1) mg h” for the first 24 h and 2.6 (95% CI 0.9-4.2) mg h` 
for the next 24 h. Indeed, the maximum dose of propofol used (in 
one patient) was 180 mg in a 4-h period (45 mg h`). Hence, it is 
likely that their patients received sub-therapeutic doses of propofol 
for antiemetic effects. 

We have recently reported the use of patient-administered 
propofol for the treatment of PONV.’ In a randomized, double- 
blind design, patients self administered propofol 20mg or 
Intralipid (placebo) with a 5-min lockout interval, where no 
propofol could be administered. The propofol group had signifi- 
cant reductions in the degree of nausea (25% less nausea vs 
placebo), incidence of vomiting (12% vs 56%) and need for rescue 
antiemetic (17% us 70%) compared with placebo. Placebo 
patients had a nine-fold increase in the risk of subsequent vomit- 
ing and a 10-fold increase in the likelihood of using rescue 
antiemetics. The propofol group received a mean dose of propofol 
100460 mg during the study (2 h). This was not associated with an 
increase in sedation compared with placebo. Propofol treated 
patients were also more satisfied with their control of PONV. 

When propofol is used for its antiemetic effects in comparative 
studies, it is important that therapeutic dose ranges are administered. 

T. J. GAN 
Department of Anesthesiology 
Duke University Medical Centre 
Durham, NC, USA 
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Editor,—In our arucle we discussed the dose of propofol when 
combined with morphine for patient-controlled analgesia, and 
explained why it is unlikely that the dose of propofol given in this 
way would ever be sufficient to treat postoperative nausea and 
vomiting. The abstract published by Gan and colleagues’ reported 
day surgery patients self administering ether propofol 20 mg or 
40 mg from a patient-controlied syringe driver. Patients were 
studied for 2 h and presumably would not have had major surgery 
and would not have been receiving regular opioid analgesics in 
addition to propofol. This treatment is unlikely to be of much 
practical use for the majority of patients and most anaesthetists 
would believe the technique unsafe for a general ward as it requires 
high dependency care. 

I would hope that any peer-reviewed article from Gan and 
colleagues would temper the enthusiasm of the title of their 
abstract with some statistical caution. Forty-three patients 
received propofol in their study and there were no complications; 
this is compatible with a true incidence of serious complications of 
6.9%,’ which would be clinically unacceptable. The initial interest 
in using propofol to treat postoperative nausea and vomiting was 
because early reports suggested very low doses might be effective, 


and therefore simple techniques were safe for general use. I believe 
all the recent evidence suggests that this is not the case. 


I. G. KESTN 
Department of Anaesthesta 
Western Infirmary 
Glasgow 
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Anaesthesia in third world countries 


Editor,—When asked to jon a group of surgeons on a trip to rural 
Guinea, West Africa, we were faced with the challenge of providing 
safe general anaesthesia in a setting with certain lmutanons to 
anaesthetic practice. First, an unreliable electricity supply ruled 
out the use of any drug needing storage in controlled temperatures 
(e.g. propofol) and mains-operated equipment. Second, the lack of 
any gas-scavenging system made inhalation agents an inappropriate 
choice. Third, because of the shortage of trained staff, we had to 
ensure an awake patient at the end of each operation. Unfortunately, 
during their training, both authors had only gathered theoretical 
knowledge of the EMO inhaler, which is thought by many to be the 
ideal method of anaesthesia in third world countries. 

Remifentanil, with its unique pharmacological profile, 1s used in dif- 
ferent combinations to provide safe and easily ntratable anaesthesia in 
many settings.” Methohexial 1s used frequently in our mstrtunon for 
awake sedation‘ and as propofol or inhalation agents were not thought 
to be an option for the reasons stated above, we decided ro use the 
combination of remifentanil and methohexital es a simple i.v. anaes- 
thetic regrmen. The following technique was used successfully for 
general anesthesia m 39 patients without any major complications. 

After 1.v. atropine 0.5 mg to block ketamine-induced secretions 
and to prevent bradycardia caused by remifentanil, patents 
received i.v. sedation with low-dose midazolam 0.05 mg kg” and 
ketamine 0.5 mg kg’. Anaesthesia was induced with a bolus dose 
of methohexital 1 mg kg” and an i.v. infusion was started contain- 
ing methohexital 1 mg mI” and remifentanil 0.03 mg ml”, the 
initial rate being 1 ml kg’ h` After mask vennlation was achieved, 
patients were given vecuronium 0.05-0.08 mg kg" and the trachea 
was intubated after 3—5 min. Patients underwent manual ventila- 
tion with 40% oxygen in air and the methohemttal—-remifentanil 
infusion was titrated to required effect during operation. Mean 
rate of infusion was 1.38 (range 0.7-1.95) ml kg’ h”. The drip was 
turned off approximately 5 min before the end of operation and 
the majority of patients were awake and cooperative within 5 min 
of the end of the procedure. Postoperative analgesia was provided 
with an NSAID, alone or in combination with 1.v, tramadol. 

Details of the surgical procedures are given ın table 1. Table 2 
lists the choice of anaesthetic, its duration, time to extubation and 
complications encountered. 


Table 1 Surgical procedures performed under general anaesthesia 


Diagnosis No. of anaesthetics 
Hernia (inguinal, scrotal) 1 
Goitre 

Gun shot 

Vesiculo-vaginal fistula 

Utero-vaginal prolapse 

Tubal abscess 

Fixed tongue band 

Appendicitis 

Fractured elbow 

Gluteal abscess 

Lipoma 

Perforated colon 

Recto-vaginal fistula 

Revision of vesicovaginal fistula 
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Table2 Duration of anaesthesia, time to extubation and 
complications encountered 


No. of patients 





General anaesthesia 
Ly. ketamine+spontaneous respiration 6 
Remifentanil—methohexital + artificial ventilation 39 
Duration of anaesthesia (min) 
Less than 30 


Longer than 180 

Time to extubation after stopping 

remifentanil-methohexital infusion (min) 

Less than 5 2 
5-10 
Longer than 10 
Missing data 

Complications 
Residual neuromuscular block 
Nausea/vomiting 
Respiratory arrest with i.v. sedation 


NVN 


=No 


` There were no major problems with this technique. One critical 
anaesthetic incident occurred in a young woman who had received 
ketamine—midazolam sedation for revision of her gunshot wound, 
and experienced respiratory arrest when given another 20 mg of 
methohexital. The trachea was intubated and the patient recovered 
uneventfully, proving that a battery-powered pulse oximeter is a 
mandatory piece of equipment even im the most basic settings. 

The cost of the general anaesthetic using remifentanil- 
methohexital is approximately £15 ($22) per hour of anaesthesia 
for a patient of 70 kg body weight. This relatively high cost 1s coun- 
terbalanced by the fact that the capital cost of an anaesthetic 
machine is not incurred. 

We conclude that infusion of a fixed combination of remifentanil 
and methohexital provided safe and simple general anaesthesia. 
While not the method of choice in third world countries in 
standard hospital settings, we found it cost-effective and safe in an 
environment where anaesthesia needs to be provided with hte 
equipment. 

The mission to Guinea was organized by MANGO (Medical 
Actions ın Guinea), a charity based in Frankfurt, Germany. All 
drugs were donated by the respective manufacturers. 

C. OSMER 

G. HEINBUCH 
Abt. f. Anaesthesiologie und Operative Intenstumedzzin 
Klinikum der Fustus-Liebig-Umiversttat 
Giessen, Germany 
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Current practice of local anaesthesia for 
ocular surgery 


Editor,—As anaesthetists at the King Khaled Eye Specialist 
Hospital (KKESH), we read with particular interest the survey 
“Current practice of local anaesthesia for routine ocular surgery,” 
by Mawer and Coombes.’ KKESH has completed 55 000 proce- 
dures under local anaesthesia and another 45000 under general 
anaesthesia since its opening in 1984. We wish to endorse the 
recommendations_of the Joint Working Party on Anaesthesia in 
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Ophthalmic Surgery’ on the management and care of patients 
undergoing ophthalmic surgery and briefly outline our standard 
practice. 

At KKESH, as is usual in ophthalmic practice, patients present 
at the extremes of age, often with diabetes, hypertension, ischaemic 
heart disease or congenital problems. It is our practice to evaluate 
fully all of our patients. All patients are subjected to a thorough 
medical evaluation and appropriate special investigations. Patients 
considered suitable are encouraged to have their procedures per- 
formed under peribulbar anaesthesia, which is our preferred local 
technique because of its good record. All patents presenting for 
cataract surgery have axial length determined by ultrasound. 

Resuscitation equipment 1s available in the preoperative holding 
area and all staff are regularly certified in basic life support. An 
anaesthetist 1s always present during performance of blocks. All 
panents, with the exception of babies and small children, have Lv, 
access established on arrival in the preoperative holding area. 
Electrocardiogram and artenal pressure monitoring are started 
before proceeding with the local block, which is administered by a 
consultant anaesthetist. Monitoring of electrocardiogram, arterial 
pressure and oxygen saturation 1s continued during the procedure 
by anaesthetic personnel who are present throughout. Patents are 
returned to the wards when they are considered stable. 

A small percentage of peribulbar blocks are performed by oph- 
thalmology registrars under anaesthetic supervision. Registrars are 
not permitted to admmuster blocks to patients who have one eye, 
an axial length longer than 25 mm or staphyloma, or vision in the 
other eye of less than 20/200; they are not permitted to do “top- 
ups.” Registrars are required to perform 50 peribulbar blocks 
under supervision during their traming. Four of six consultants 
use 25-mm sharp 25~-gauge needles and two use 38-mm sharp 
25-gauge needles, All anaesthetists use a standard mixture of ldo- 
caine, bupivacaine and hyaluronidase. 

Problems encountered during peribulbar blocks, although uncom- 
mon, may be severe and even life threatening, such as central spread 
of the local anaesthetic agent or activation of the oculocardiac reflex.’ 
Patients with treated hypertension or unrecognized labile hyperten- 
sion may present a problem in the preoperative holding area, particu- 
larly after the administranon of phenylephrine eye drops 

Although we have experience of all of these complications, and 
even pulmonary oedema, they were always diagnosed promptly 
and treated immediately. We have never had cause to regret our 
cautious approach. It has stood the unit in good stead and has 
resulted in an impeccable anaesthetic outcome. We bebeve that 
departure from the above practice represents substandard practice. 

K- R EDGE 

S. J. KRIGE 

Y. K. BOSMAN 
P.W pu Torr 
F. MONTOYA 

J. I. NEWSTEAD 
A.Y D BERG 


King Khaled Eye Specialist Hospital 
Riyadh 
Kingdom of Saudi Arabia 
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Editor,—Thank you for the opportunity to respond to Dr Edge 
and colleagues. The practice at the King Khaled Eye Specialist 
Hospital (KHESH) appears exemplary. There 1s no doubt that the 
Working Party recommendations which they endorse represent 
very safe anaesthetic practice. 

It would be interesting to learn if patients are admitted as day 
cases, having been assessed only by tramee ophthalmology doctors 
at a preoperative clinic or whether the anaesthetists have the oppor- 
tunity to see the patients, either on the ward or in an anaesthetic pre- 
clerking clinic before the day of surgery. I am sure this may reflect on 
what appears to be an ideal preoperative work-up, 88 yet not always 
available in the NHS. The training available for insertmg peribulbar 
blocks appears well thought out, yet there is no mention of traming 
for trainee anaesthetists. It is an interesting comparison that in the 
Kingdom of Saudi Arabia, consultant anaesthetists teach the trainee 
ophthalmologists, whereas in the UK the reverse is often the case. 


Correspondence 


The authors faled to quote the rate of complications within the 
KKESH unit, an omission of which our survey was also guilty, 
despite quoting the total number of regional blocks given. I find 
the number of general anaesthetics surprising m view of the appar- 
ent quality of the regional block service; does this reflect a large 
paediatric practice? 


R. J. MAWER 
Department of Anaesthesia 
Queen Alexandria Hospital 
Cosham, Portsmouth 


Practical airway assessment 


Editor,—Contrary to the conclusions of Arné and colleagues,’ I 
believe that multivariate indexes that are designed to help “predict” 
difficult intubation are of little value to anaesthetists m the real world. 

Invesngations have focused on the relationship of several factors 
alone or in combmation (e g. mouth opening, dentition, Mallampati 
score, neck extension) to the degree of difficulty in seeing the vocal 
cords with direct laryngoscopy or to “difficulty” associated with 
actual tracheal intubation. However, I am not aware of any study 
that has examined the relationship of bedside airway assessment and 
“difficulty with mask ventilauon.” What we are really interested in 
when making chnical decisions 1s the potenual for morbidity (from 
all possible courses of action) or mortality. A logical analysis predicts 
that morbidity and mortality result because of difficulty with oxy- 
genation—ventilation, aspiration or trauma related to the chosen 
method of asrway intervention. The ASA airway algorithm’ mphes 
that unanucipated “difficult arway scenarios” (by whatever defin- 
tion) will continue to occur despite bedside airway assessment 
(either because the tests are inherently imperfect’ and/or because 
anaesthetsts do not know what to do with the information).* 

It is ume we took a more pragmatic approach to bedside airway 
assessment and airway management until such time that a bedside 
airway test(s) 1s developed that can be relied upon to a degree that 
allows the construction of an algorithm for airway management 
based on bedside assessment. 

I try to teach anaesthesia residents to think of bedside airway 
management ın the following practical terms. First, recognizing 
that traditional bedside tests are of some, albeit limited, value, I 
suggest classifying the airway as obviously normal, obviously 
abnormal or somewhere ın between. Then identify any factors that 
may put the patient at mcreased risk should there be a brief prob- 
lem with tracheal ıntubanon (e.g. full stomach, intracranial dis- 
ease, suspected cervical spine instability, ischaemic heart disease, 
anterior mediastinal mass, etc.). Consider 1f there are any alterna- 
tives to general anaesthesia or, more specifically, general anaesthe- 
sia with a tracheal tube. Recognize that it is extremely unusual to 
encounter a patient that cannot be ventilated via a face mask (or a 
laryngeal mask) —although our ability to predict “difficult ventila- 
tion with a face mask” remains unquantifiablel Be familiar with 
the ASA airway algorithm and comfortable with its implementa- 
tion (which assumes competency with all of its elements) and 
ensure that the necessary equtpment and personnel are immedi- 
ately available and in “working order”. Recognize that techniques 
designed for the management of the potentially difficult airway are 
not always benign. Consider giving the patient a choice. Perhaps 
most importantly, ask yourself what you would want done. 

It is nme mvestigators and authors cease to give bedside airway 
assessment more legitimacy that it deserves! Unul someone can 
show that bedside airway assessment can reliably be used to influ- 
ence anaesthetists’ judgement, airway management will remain a 
matter of “common sense!” 


S. A. LANG 
Department of Anaesthesia 
University of Calgary 
Calgary, Alberta, Canada 
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Editor,—We read with interest Dr Lang’s letter regarding the use 
of predictive scores for preoperative detection of difficult ntuba- 
tion' and are grateful for the opportunity to reply. 

‘We agree that the most important problem is to identify “difficulty 
with mask ventilation” and that the primary goal of bedside evalua- 
tion would be to allow construction of an algorithm for away 
management. However, as pointed out, the mcidence of difficulues 
in face mask venulation seems to be very low: El-Ganzour and 
colleagues” found an incidence of 0.08% ın a population of 10 507 
patients, and Rose and Cohen’ found an incidence of 0.01% 
among 18500 patients. This low incidence explains why no study 
to date has determined a bedside multifactorial score of predic- 
uon. Inclusion of more than 500 000 patents would be necessary 
for a multifactorial evaluation. Moreover, construction of such an 
algorithm must also include situations where difficulnes in 
both ventilation and intubation occur The work of Rose and 
Cohen’ failed to identify even one case, despite studying 18500 
patients. Thus a very large epidemiological study, mcluding several 
million patients, would be required. Bedside predicuon of difficult 
intubation is a more pragmatic approach. If a score predicts 
difficult mtubation with a minimal false negative nisk, a positive 
prediction suggests the patient should be allowed to breath spon- 
taneously thus avoiding potential difficulnes with oxygenation and 
ventilation. 

We disagree with the idea that airway management could be 
only a matter of common sense. In fact, common sense works only 
when the aurway 1s obviously normal or abnormal. It does not work 
m sntermediate situations, which are the most difficult to predict. 
The main use of a predictive score 1s for these intermediate situa- 
tions where several minor difficulties are associated (e.g. a 
Mallampati class 2 associated with limitation of neck movement in 
the 90~100° range). In these cases, using only common sense leads 
to an erroneous prediction in approximately 50% of patients. 
When the risk index is applied, the probability of a wrong predic- 
tion is reduced to 7%, probably because associated minor signs 
cannot be missed or forgotten. Dr Lang suggests that sufficient 
knowledge of an airway algorithm and competency with all the 
subsututive techniques 18 more important than an erroneous 
predicnon. We feel that fibreoptic tracheal intubation 1s easier to 
perform ın spontaneously breathing patients than ın apnoeic 
and paralysed patients. How do you plan spontaneous ventilation 
without a preoperative predicnon? 

However, we agree that knowledge of an amway algorithm is 
always required. The cornerstone of the debate seems to be 18 1t safer 
to prevent or to treat the problem? Our opmuon 1s that ın the field of 
the difficult airway, as in the more general field of anaesthesia prac- 
tice, we should prevent and anticipate events rather than treat them 


J. ARNE 

J. FUSCIARDI 
Department of Anaesthesia and Surgical Critical Care 
University Hospital of Pomers 
Portiers, France 
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Anaesthetic for telescopic procedures in the 
thorax 


Editor,—I was interested to read the recent review of anaesthesia 
for telescopic procedures in the thorax, by Plummer, Hartley and 
Vaughan, but question some of their assertions about 
oesophagoscopy 

First, they state that “a fibreoptic oesophagoscope is generally 
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used ‘for inspection and therapeutic procedures.” Most ENT 
surgeons with whom J have worked use the rigid instrument 
routinely. Second, their use of reinforced tracheal tubes (presum- 
ably those containing a steel spiral within the wall) is at variance 
with the practice of many anaesthetists, who use pre-formed PVC 
(“RAE”) tubes, and have no problems with tube compression. It is 
incorrect to assert that “no suitably sized reinforced tracheal tubes 
[are] available” for use in children, as a full range of such tubes 
(both paediatric and adult) is available in the UK, manufactured 
by “Sheridan”. 
A. TAYLOR 
Department of Anaesthesia, 
Sunderland District General Hospital 
Sunderland 
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Editor,—We thank Dr Taylor for his remarks and we would like to 
reply to each in the same order. 

First, the word generally does not preclude the use of rigid 
oesophagoscopy. 

Second, we can find no reference to any advantage (or indeed 
disadvantage) for using the “RAR” tube compared with reinforced 
tracheal tubes. Until such a positive advantage has been shown I 
suggest that what has been accepted and is safe practice remains 
unchanged. 

We must apologize for the fact that we were unaware that 
“Sheridan” produced a full range of adult and paediatric 
reinforced tubes. However, it would seem logical, given this infor- 
mation, that when any surgical operation around the head and 
neck ıs performed, a suitable “Sheridan” reinforced tube is used. 


R. VAUGHAN 
Directorate of Anaesthetics 
University Hospital of Wales 
Heath Park, Cardiff 


Appropriate size of the laryngeal mask 
airway in adults 


Rditor,—I read with interest the article of Asai and colleagues’ on 
the selection of an appropriate size of laryngeal mask airway 
(LMA). In this study there are some references to my work, as we 
have some common conclusions.” But as there are some miscon- 
ceptions about our study design, clarification 1s needed. 

Asai and colleagues compared two different sex-related formu- 
lae (SRF) for selection of an appropriate size of LMA, but they did 
not compare their findings with weight-related formulae (WRF).** 
The latter have been proposed by the inventor of the LMA and are 
widely accepted in anaesthesia. In the study of Voyagis, Batzioulis 
and Secha-Doussaitou,’ they recommended using size 5 for all 
males and size 4 for all females, and using a smaller size (No. 4 in 
males, No. 3 in females) if placement of the LMA was inappropri- 
ate. This SRF was compared with the WRF suggested by the 
inventor in that time period (pre-1996).’ In our study, the age of 
the patients was not used as a predictor of LMA size (which was 
reported incorrectly by Asai and colleagues). When applying the 
SRF, the use of an LMA No. 5 was eight times more common, as it 
was used in many non-obese male patients. Mean body weight in 
these patients was 20 kg lower than that of the control group 
(SRE: 76 (sp 16) kg os WRF: 96 (6) kg; P<0.0001). Brimacombe 
and colleagues’ replied to our study by suggesting that further 
evidence 1g needed before moving away from weight-based recom- 
mendations. However, in October 1996, Brimacombe and Brain* 
revised the quantitative limits of their initial WRF. The new limits 
are 20 kg lower than the inital ones (i.e. more than 70 kg, sıze 5; 
50~70 kg, size 4; and less than 50 kg, size 3). This new WRF 18 not 
significantly different from the SRF suggested previoualy,'? as the 
majority of female adults have a body weight of 50-70 kg and the 
majority of males have a body weight of more than 70 kg. 

Although our study 1s reported by Asai and colleagues as the 
only one ın which an attempt was made to determine the appropri- 
ate size of LMA, in the references, the letter of Brimacombe and 
colleagues’ is not reported as a reply comment. Additionally, in the 
introduction, the wrong impression is given that Brimacombe and 
colleagues recommended the use of an LMA as predicted by 
gender, but the opposite is true. 

Asai and colleagues found that 13% of males (four of 30) and 17% 
of females (five of 30) had unacceptable security of the airway when 
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LMA No. 5 and No. 4 were used, respectively. Improvement ın air- 
tightmess was not reported when a smaller size LMA was used in 
these patients. In our study, the respective frequencies of inapproprr- 
ate airleak were 16% (11 of 67) in males and 12% (nine of 77) in 
females, bemg statistically equal to those of Asai and colleagues. 
Whenever our patients had unacceptable arrleak with the larger stzes 
of LMA, the use of smaller ones resulted in optimal airtightmess. 


G. S. Vovacis 
Department of Anaesthesiology 
Sotiria General Hospital 
Athens, Greece 
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Editor,—It was my mustake to state that “Voyagis, Batzioulis and 
Secha-Doussaitou attempted to decide if the patient’s ‘age or 
weight was a better indicator for selecting the appropriate size of 
the laryngeal mask” (italics added)'—in fact, they studied the 
effect of patient sex, not age.” However, it should be apparent that 
my statement was a mistake, since I summarized m the subsequent 
sentences that they compared sex- and weight-based selection 
methods.’ 

Dr Voyagis claims that selection of the appropriate size of the 
laryngeal mask based on the patient’s weight 1s widely accepted in 
everyday practice, but ıt may not be so. The majority of anaes- 
thetists I work with decide the size primarily based on the patient’s 
sex. I cited Brimacombe and colleagues’ statement that “... based 
on a common misconception that the size 3 is for females and the 
size 4 for males” to indicate that it is a common practice among 
anaesthetists to select the size based on sex; whether or not 
Brimacombe and colleagues recommend a weight-based selection 
method is irrelevant here. In fact, I believe that they carefully 
avoided clauming that size should be selected based on the 
patient’s weight rather than on sex, by stating that “further conclu- 
sive trials are required before the manufacturer’s weight-based 
recommendations are altered”? 

The main purpose of our study’ was to show that the size 4 is 
usually not too large to insert in females, and may even be a better 
choice than the size 3 in terms of incidence of airleak. I did not 
suggest that an appropriate size of mask should be selected based 
on the patients sex rather than on weight. In this respect, I support 
Brimacombe and colleagues’ statement that “judging the correct 
size of the laryngeal mask can be difficult since the relationship 
between gender, weight, height and upper airway geometry 
appears inconsistent”. : 

There are similar difficulties in selecting the appropriate size of a 
tracheal tube. Nevertheless, the size of a tracheal tube is usually 
selected based on sex. However, other factors are taken into con- 
sideration: patient age, height, weight and size of the skeletal struc- 
ture, and incidence of complications (such as postoperative sore 
throat). 

J noticed recently that in some apparently large women, the size 
5 laryngeal mask provided a better seal than the size 3 or 4 without 
producing higher pressures on the pharynx, indicating the limita- 
tion of the selection of an appropriate size based solely on the 
patient’s sex. Therefore, I support fully the claim made by Voyagis, 
Batzioulis and “Secha-Doussaitou” that “the overall 
sex-related formulae do not work in all cases, but might be consid- 
ered as a general principle”.” I also believe that neither their" or 
our’ study contradicts the recommendation ın the latest instruc- 
tion manual that “as large a size of mask as possible should be 
used” 


T. Asar 
Department of Anesthesiology, 
Kansai Medical University 
Osaka, Japan 
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Editor,—We were interested ın the article by Asai and colleagues’ 
who assessed the most suitable size of laryngeal mask airway 
(LMA) by determining the competence of the seal under general 
anaesthesia. Our attempt, examining instead the incidence of sore 
throat in 200 patients following the use of a size above and a size 
below those commonly used, came to a different conclusion.” 

Frequently used sizes are LMA 4 in men and LMA 3 ın women, 
and we had determined previously the mcidence of sore throat 
using these sizes in a study of 839 patients.” Sizes LMA 5 and 3 in 
men, LMA 4 and 2.5 m women were also tested. A size larger than 
usual might have been expected to require a lower cuff pressure or 
alternatively a size smaller might have reduced the surface contact 
area. The outcome of cuff volume adjustment until leakage of res- 
piratory gases was just prevented was also studied, equivalent to 
the “yust-seal” conditions of Asai and colleagues’ fourth group. We 
found that the incidence of sore throat was significantly lower in 
men than in women if the cuff was inflated normally, an observa- 
tion which has been reported elsewhere’; it was lower or the same 
in all patients when the cuff was adjusted to just prevent leakage, 
and was increased with both the next sizes up (5 and 4, respec- 
tively) or the next sizes down (3 and 2.5). In effect, the LMA 4 m 
men and LMA 3 in women resulted in the lowest incidence of 
soreness and these would appear to be appropriate sizes. 


M. R. Notr 


R. P. Hu 
Department of Anaesthesia 
St Richard’s Hospital 
Chichester 
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Editor,—It may not be surprising that Drs Nott and Hill reached a 
different conclusion from us as they looked at different end-pomts 
from ours to decide an appropriate size of laryngeal mask. They 
made their decision based on the incidence of postoperative sore 
throat,'? whereas we did so mainly on the incidence of airleak dur- 
ing manual venulation.’ Despite a difference in conclusion, I believe 
that their results’ ° and ours’ are generally consistent. 

First, in Drs Nott and Hiull’s studies, ° when the cuff volume of 
the laryngeal mask was not adjusted (i.e. the mask being inflated 
with the recommended maximum volume of air), the incidence of 
sore throat was higher when a larger (size 4 in females and size 5 nm 
males) than a smaller (size 3 in females and size 4 in males) mask 
was used. Similarly, in our study,” when the mask was inflated 
maximally, the pressure exerted on the pharynx was greater with a 
larger than with a smaller mask. 

Second, they found that the mcidence of postoperative sore 
throat was reduced by adjusting the cuff volume of the laryngeal 
mask to the minimum effective volume (“just-seal” condition).’ * 
These results are consistent with ours’: removal of air from the 
maximally inflated cuff to the mmimum effective volume signifi- 
cantly decreased the pressure exerted by the mask on the pharynx. 

Third, ın their study, when air was removed from the mask to 
the effective minimum volume, there was no marked difference in 
the incidence of sore throat between sizes 4 and 5 in males.’* This 
18 algo consistent with our findings that there was no significant 
difference between the pharyngeal pressures produced by the two 
sizes in males * 
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The last finding of Drs Nott and Hull, however, 1s apparently not 
consistent with ours: they claimed that the incidence of sore throat 
associated with the use of the size 4 was greater (approximately 
20%) than that for the size 3 (they report 3.9%, but it 1s in fact 
7.3% (16 of 219 patients) in females.’ 7In contrast, in our study, 
there was no significant difference ın pharyngeal pressure between 
sizes 3 and 4.°There are two possible explanations for this incons1s- 
tency. First, the difference m the incidence of postoperative sore 
throat in their report might not be significant if a statistical analysis 
was applied for this difference, although there ts difficulty ın doing 
so as historical controls were used.’* The second possibility is that 
size 4 causes a higher incidence of sore throat than size 3, by pro- 
ducimg abrasion of a wider area of the oropharynx during insertion 

‘Taken together, I believe that the following two conclusions can 
be drawn from Drs Nott and Hill’s study and ours Furst, the pres- 
sure exerted by the laryngeal mask on the pharynx and incidence 
of postoperative sore throat can be reduced by removing air from 
the maximally inflated cuff to the minmmum effective volume (or 
“just-seal” condition). Second, mtracuff pressure, the pressure 
exerted on the pharynx and the incidence of postoperauve sore 
throat are greatest when a large laryngeal mask 1s used without 
adjusting cuff volume, therefore, cuff volume should be adjusted 
to the minimum effective volume, particularly when a large mask 
18 used. 


T. Asal 
Department of Anaesthesiology 
Kansai Medical Umversity 
Osaka, Japan 
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Paddle size in defibrillation 


Editor,—The success of defibrillanon is determined by transmyo- 
cardial current which comprises a proportion of the total transthor- 
acic current. Transthoracic current is inversely proportional to 
transthoracic impedance (TTI). Low TTI has therefore been 
equated with generaung higher transmyocardia! current, and by 
implication, improved success from defibrillation. For example, 
the low TTI achieved when using adult defibrillanon paddles on 
children has been assumed to ımprove outcome from defibrilla- 
tion. 

Although a decrease in TTI increases overall transthoracic cur- 
rent, it does not necessarily increase total transmyocardial current. 
Above an optimal paddle size, some current traverses extracardiac 
pathways through the thorax, bypassing the heart,’ and results in 
reduced transmyocardial current. This has been demonstrated in 
canine studies in which larger paddles reduced TTI but greatly 
reduced defibrillation success rate (33% vs 83%).?* Failure to 
improve transmyocardial current with increasing paddle size may 
also explain why some studies have failed to show any benefit in 
cardioversion success rates using larger paddles.** Therefore, meas- 
urement of TTI alone cannot establish if paddle size 1s optimal 

Current guidelines quotng 13 cm as the optimum paddle size in 
adults’ are not based on studies of transmyocardial current or 
defibnilation success at different pad sizes. Since optimum paddle 
size in dogs is approximately 13.0 cm and canine hearts are 
smaller than human hearts, ıt has been suggested that optimum 
size in humans may actually be larger than 13 cm.” The opnmum 
paddle size in humans remains to be determined. 


C.D Deakin 
Southampton 
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Editor,—The point made by Dr Deakin is correct. As with many 
other aspects of resuscitation, practice is guided by convention, 
tradiuon and extrapolation from animal experience, but scientific 
evidence 1s missing. This applies to electrode size: optimal elec- 
trode size in humans has still to be determined. Many of the inves- 
tigations are limited to studying paddles of manual defibrillators, 
but the problem 1s at least as important for self-adhesive electrodes 
of automated external defibrillators. 

Although sudden cardiac death from ventricular fibrillation is 
the single most frequent cause of death ın the industrialized world 
and defibrillation is recognized as the only effective treatment for 
ventricular fibrillation, our knowledge and understanding of the 
mechanisms of defibrillation in humans are still lhmited. It is well 
known that the effect of defibrillation is very much dependent on 
the various technical characteristics of the components of the 
“defibrillator~paddles—couplant-chest complex”. Little scientific 
evidence 1s available on the absolute and time-dependent influ- 
ence of these various components on transthoracic impedance, 
transthoracic and transmyocardial current or the influence of pad- 
dle size, shape and couplant on the characterisucs and duration of 
the behaviour of the electrocardiographic surface signal immedi- 
ately after delivery of an electric shock. Little scientific evidence 18 
available relating to the opumal energy of the first and subsequent 
shocks, the optimal waveform for defibrillation or optimal elec- 
trode size and shape. 

Since the troduction of automated external defibrillators, 
using self-adhesive pads, interest in optimal technology, including 
electrode technology, has increased suddenly. Resuscitation coun- 
cils such as the European Resuscitation Council have repeatedly 
insisted on the need for standardization for electrodes and connec- 
tors for automated external defibrillators.’ This plea for standard- 
ization could be an incentive for the defibrillator industry to focus 
their research on these aspects and to share their knowledge and 
research programmes with the clinical investigators. 


L. BOSSAERT 
Antwerp 
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An extrapyramidal reaction to ondansetron 


Editor,—A healthy, 37-yr-old female presented for evacuation of 
retained products of conception after intrautermme death at 18 
weeks’ gestation. She gave a history of severe postoperative nausea 
and vomiting, which had previously been treated successfully 
with metoclopramide. Therefore, it was decided to administer 
ondansetron 4 mg i.v. before inducnon of anaesthesia. 

A few minutes after administration of ondansetron, she began to 
complain of blurred vision and dizziness. Induction was continued 
and, after pre-oxygenation, rapid sequence induction was performed 
with thiopental 375 mg and succinylcholine 75 mg followed by 
tracheal intubation. Anaesthesia was maintained with 1.2% 
inspired isoflurane and 70% nitrous oxide m oxygen, and supple- 
mented with alfentanyl 500 ug, with the patient breathing spontan- 
cously. 

Recovery after the procedure was punctuated by a brief episode 
of larygospasm on extubation, but was otherwise uneventful and 
rapid. The patient had no postoperative nausea or vomiting and 
experienced very little pain. However, she complained of blurred 
vision and had uncontrollable movements of her eyes, face and 
arms. On examination, she had marked homzontal nystagmus, 
involuntary eye movements and mild choreiform movements of 
her arms. She was observed for 30 min, during which nme there 
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was no improvement in her symptoms. She was given procyclidine 
5 mg iv. and her symptoms stabilized within 5 min. She was 
observed for 2 h during which time there were no further episodes. 
She was transferred to the ward where the rest of her recovery was 
uneventful. 

Extrapyramidal reacnons to ondansetron have been reported’* 
when ondansetron has been used in higher and repeated doses of 
8-30 mg 8-hourly, for prevention of nausea and vomiting durmg 
chemotherapy. As far as I am aware, extrapyramidal reactions to 
ondansetron have not been reported m the anaesthetic literature. 
This case suggests extrapyramidal reactions may be caused after a 
single, small i.v. dose of ondansetron. 


C. STONELL 
Department of Anaesthesia 
Yeovil District Hospital 
Yeovil 
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Postdural puncture headache after combined 
spinal—epidural analgesia and anaesthesia 


Editor,—Combined spinal-epidural (CSE) analgesia’ has become 
increasingly popular for analgesia in labour. However, 
several authors have questioned the desirability of routine dural 
puncture. Among other criticiams of the technique it has been 
suggested that CSE analgesia is associated with a greater risk of 
post-dural puncture headache (PDPH) than epidural analgesia.” 

We have examined retrospectively the reported incidence of 
headaches in 2086 consecutive obstetric patients after epidural 
block, subarachnoid block or CSE These were performed for 
elective Caesarean section (“elective” CS), in labour for analgesia 
or for emergency CS (“emergency”). The reported mcidence of 
headache after receiving regional analgesia or anaesthesia is shown 
ın table 1. 


Table 1 Reported headache rate in women after regional 
analgesia or anaesthesia. * This patient received a dural puncture 
with a 20-gauge spinal introducer needle 


No. ofwomen Obvious 


reporting dural 
Procedure Total headaches puncture 
Epidural ‘ 
(16-gaugeTuohy) Elective 13 0 0 
Emergency 1219 21 (1.7%) 5 (0 4%) 
Subarachnoid 
(25-gauge 
polymedic) Elective 107 0 0 
Emergency 112 0 1 (0.9%)* 
CSE 
(25-gauge through 
16-gauge Tuohy) Elective 246 1 (0.4%) 2 (0.8%) 
; Emergency 389 10 (2.6%) 5 (1.3%) 


Of the small number of patients recetving elective epidural 
anaesthesia, none complained of headaches. Of the 1219 patients 
receiving epidural analgesia—anaesthesia m labour, 21 complained 
of a headache after delivery. Only five (0.4%) of these had identi- 
fied dural punctures. All others were complaints of minor 
headaches not typical of PDPH which resolved with simple anal- 
gesia or no treatment. 

Of the group of patients receiving subarachnoid analgesia, none 
of the elective or emergency patients complained of headaches, 
despite one of the patients having a dural puncture from the 20- 
gauge spinal introducer needie. 

Of the 635 patients receiving CSE, 246 had an elective proce- 
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dure for a planned LSCS; two (0.8%) of these patients had an 
identified dural puncture with a 16-gauge Tuohy needle. Only one 
of: these complained of a headache and required an extradural 
blood patch for treatment. A total of 389 patients received CSE for 
analgesia in labour or for emergency LSCS. Ten (2.6%) of these 
patients complained of headache, five (1.3%) of whom had identi- 
fied dural punctures with a 16-gauge Tuohy needle; four of these 
required an epidural blood patch to alleviate the PDPH. The oth- 
ers had minor headaches not typical of PDPH, all of which 
resolved after treatment with simple analgesia. 

These data would support the hypothesis that CSE analgesia 18 
not associated with a clinically significant increased incidence 
of severe headache. The majority of severe headaches in our 
audit were caused by dural puncture with the Tuohy needle in 
emergency cases. This is probably a reflecton of our practice of 
performing CSE analgesia in women who are in severe pain in late 
labour or before emergency Caesarean section because of the pre- 
viously reported advantages of speed of onset and better sacral 


dermatomal ia.” 


C. RowLey 

J. JEYAPALAN 

C. D. ELTON 
Department of Anaesthesia 
Leicester General Hospital 
Leicester 


1. Collis RE, Baxandall ML, Srikantharajah ID, Edge GE, 
Kadim KY, Morgan BM. Combined spinal extradural anal- 
gesia: technique, management and outcome of 300 mothers. 
International Journal of Obstetric Anesthesia 1994; 3: 75-81. 

2. Jenkins JG. Ambulatory extradural analgesia in labour and mode 
of delivery. British Journal of Anaesthesia 1997; 78: 776-777. 

3. Stacey RGW, Watt S, Kadim MY, Morgan BM. Single space 
combined spinal—extradural technique for analgesia in late 
labour. Brash Journal of Anaesthesia 1993; 71: 499-502. 


Pharmacokinetics of propofol during 
conscious sedation using target-controlled 
infusion ; - 


Editor,—I read with interest the study by Oei-Lim and colleagues 
regarding the use of target-controlled mfusions.' The authors 
stated that “after apprommately 60 min of infusion time, the 
model tended rather to under predict the measured concentraton 
than vice versa”. The authors also provided a concentration—-time 
profile (fig. 6) to support their statement. The first three measured 
concentrations on this figure appear to be increasing, after which 
the measured concentrations appear to form a plateau. This same 
trend 1s seen with the profile predicted using Gepts’ model, 
although the predicted concentrations were much higher than the 
measured concentrations. However, concentrations predicted by 
the pharmacokinetic optimization (PKOPT) program appear to 
be on an upward trend throughout the duration of the infusion. 

This suggests that contrary to what was stated by the authors, 
Gepts’ model appears to be consistently over predicting the mea- 
sured concentrations. This has previously been observed when 
using propofol in a target-controlled infusion in neurosurgical 
patients.” 

The same may not apply to the PROPT model as the over 
prediction appears to be increasing progressively with time. This 
suggests that if a constant plasma concentration is targeted, the 
measured concentration decreases with time leading to the risk of 
the patient being in a lighter level of anaesthesia. Some measure of 
the change of performance with time such as “wobble” or “diver- 
gence” might be useful to further describe the performance of the 
infusion system.”* > 

Furthermore, clearance calculated using Gepts’ model (28.7 
litre min”) is similar to the clearance calculated using the PKOPT 
model (29.0 litre min”). This means that at steady state, when the 
concentration 1s determined only by infusion rate and clearance, 
both models predict similar blood propofol concentrations. If 
Gepts’ model tends to under predict the measured concentration 
during long infusions, the performance of the PKOPT model will 
be equally poor in a similar situation. 


T.A. Lim 
Clinical Sciences Section 
International Medical College 
: Malaysia 
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Editor,—Thank you for the opportunity of responding to Dr 
Lim’s letter regarding our article on the pharmacokinetics of 
propofol during dental sedation. 

His comments relate to paragraph 4 of the discussion section. At 
the end of his letter, Dr Lim states that clearance in Gepts’ model 
(28.7 litre min”) in the original delivery system used to deliver 
propofol to our dental patients was almost exactly the same as that 
of the PKOPT model (29.0 litre min”) derived in our study to 
optimize propofol delivery. First, the units of clearance quoted are 
incorrect. The correct units are ml min` kg’. The clearance values 
calculated by Lim for the Gepts and PKOPT models arise unfor- 
tunately from three typing errors in table 2; the umts of V, are 
given incorrectly as litres whereas the correct units are ml kg’, 
second, the value of V, in the PKOT model should be 417 ml kg” 
(rather than 471 ml kg’ which appears in the table) and third, the 
value of Ky for the PROPT model should be 0 144 rather than 
0.114 min”. Consequently, this means that the calculated clear- 
ance for the PKOPT model is 25.64 ml kg’ min” and that for the 
Gepts’ model is 28.7 ml kg’ min”. We apologize for these errors 
which arose in the publishing process but were not subsequently 
detected when we read the proofs. 

Because the clearance values of the two models are simular, the 
two models will, as Dr Lim states, ulumately predict similar con- 
centrations at steady state when the peripheral compartments are 
equilibrated with the central compartment of the models. However, 
for propofol, this steady state situation takes approximately 
6 h to attain. In the first part of our study, the procedures were 
completed within 2 h and we therefore suggest that Dr Lim’s 
remarks concerning steady state are not relevant to our study. 

Notwithstanding the above-mentioned errors, the sumulation in 
figure 6 is correct. During the first 60 min of ınfusıon, there was a 
substantial difference in propofol concentrations predicted by the 
two models and we have shown that the PROPT model optimally 
described the observed data compared with the original model of 
Gepts, which systematically over predicted the observed data. We 
confirmed this finding ın our prospective study. The 
simulation we have performed in figure 6 demonstrates that, 
according to the PROPT model 1 (which optimally described the 
population data that we obtained ın our study), the Gepts’ model, 
when used as the delivery model in a TCI system, resulted in a 
steadily increasing plasma concentration of propofol and, presum- 
ably, a deepening level of sedation during the ume span of our 
study. When the PROPT model parameters were used to deliver 
propofol ın a modified TCI delivery system, an improved model 
performance was obtained. 

It should be borne in mind that both the Gepts’ and PROPT 
models are “averaged” population models. The performance of 
each model will vary from patient to patent and also for each mdi- 
vidual with time. The performance of a given model for an individ- 
ual patient is relatively unimportant in relation to how the 
population as a whole behaves. In figure 6, the data points from an 
individual patient were over predicted by both models. However, 
the prediction error was less for the PKOPT than for Gepts’ 
model. It was not stated that the patient was a “best fit” for the 
PKOPT model. In this graph, for this particular indrvidual, the 
PKOPT model described the data better than Gept’s model. The 
PKOPT model described the population optimally but not neces- 
sarily any one mdrvidual. 


V. L. B. OrI1-LiM 
Department of Anaesthesiology 
Academic Medical Centre 
University of Amsterdam 
Amsterdam, The Netherlands 
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Anesthesiology Pocket Guide. T. N. Pajewsxi. Published by 
Lippincott-Raven, Philadelphia. Pp. 465; indexed; illustrated. 
Price US $34.50. 


This compact handbook 18 designed for use in those clinical situa- 
tions when a specific fact relevant to anaesthetic practice is 
required, but a larger reference text is not readily available. Its 
small size means that it fits into the pocket of theatre clothing and 
18 easily accessible, The information is presented as a series of 
tables, lists, illustrations, definitions and emergency algorithms. 
This information 1s divided into the major chapter headings 
of preoperative assessment, pharmacology, physiology, regional 
anaesthesia, paediatric anaesthesia, obstetric anaesthesia and pain 
management. The final section contains protocols published by 
the American Society of Anesthesiologists on standards of patient 
care. Also included are the Advanced Cardiac Life Support 
(ACLS) protocols. The majority of the information has been 
reproduced from textbooks and journals but there are many tables 
which the author has compiled himself. Although there is rarely 
any explanatory text with the information, there 1s a comprehen- 
sive list of references should further detail be required. The topics 
covered in this book are extremely wide ranging and the informa- 
tion is often very detailed. With handbooks of this type, it is diffi- 
cult to decide which facts should be included and which left out. 
Within the confines of a pocket-sized book, it 1s inevitable that 
some subjects will be covered better than others. This book 18 no 
exception. 

The weakest chapter in the book is that covering preoperative 
assessment of the patient undergomg anaesthesia. There is much 
detail about the assessment of the cardiovascular system, including 
several pages on artificial pacemakers, yet there 1s little mention of, 
for example, investigation of patients with chronic respiratory, renal, 
endocrine or neurological disease. Aspects of these topics are cov- 
ered in the physiology chapter but would perhaps have been better 
collected under the same heading of preoperative assessment. 

The pharmacology chapter 1s detailed and comprehensive, cov- 
ering all of the commonly used agents and some which are used 
rarely. Most of the new agents are included, with the notable 
exceptions of remifentanil and ropivacaine. Details on obsolete 
drugs such as Althesin, methoxyflurane and propanidid are inter- 
esting but should be omitted in a book where space is limited. 
‘There are conversion tables for calculating infusion rates but many 
of the dilutions quoted for drug infusions are markedly different 
from those used in British anaesthetic practice, limiting the useful- 
ness of this section to British anaesthetists. Also, there are clear 
errors in the doses quoted for some drugs, in particular in the 
section on neuromuscular blocking agents. The infusion rate 
for atracurium is stated to be 5-9 mg kg’ min”; this is clearly a 
massive overdose and must be a typographical error. 

But several of the chapters are excellent. Those on obstetric 
anaesthesia, paediatric anaesthesia and pain management contain 
large amounts of information which would otherwise take some 
time to retrieve from more weighty tomes. The paediatric chapter 
contains a list of syndromes and details their clinical features; this 
would normally be found only in a specialist paediatric text. There 
are many other examples of useful tables such as that which 
describes the management of severe pre-eclampsia and eclampsia. 

In summary, I think that this is a good book. It may require edit- 
ing 1n future editions so that some of the information 1s discarded 
ın favour of more clinically useful material The page devoted to 
the intricactes of operating room lasers, for example, could easily 
be replaced by one covering the management of the diabetic 
patient. Also, a chapter on intensive care would be a useful addi- 
tion. However, Dr Payewski has done an admirable job in produc- 
ing an easy to use book which will find its way into the back pocket 
or briefcase of many anaesthetists. 

M. R. Goulden 


Simulators in Anesthesiology Education, L. C. HENSON AND A. C. Lag 
(editors). Published by Plenum Publishing Corporation, New 
York. Pp. 124; indexed; illustrated. Price US $65. 


For anyone interested in teaching or already working with simula- 
tors, this book is one to have. It is a highly informative text, bring- 
ing together a collection of presentations at the Second Annual 


Conference on Simulators in Anesthesiology Education in 
Rochester, New York, in 1996. The editors have achieved what 
they set out to do, which was “to present work done over the 
previous few years with simulators in the field of anesthesiology 
education”. 

The chapters are written by many of the leaders in this field of 
education, not just physicians but nurses, technicians and educa- 
tors who use sumulators. I believe this 1s one of the strengths of the 
book as it shows the wider application of simulators for education, 
For anyone beginning work in this field, it is this cross-fertilization 
of educational ideas that enables the teachers to use simulators 
effectively but also identifies the potential audiences, and therefore 
income, related to this form of education. 

Anaesthetic simulators are a relatively new concept. Both the 
mechanical engineering and computer modelling that are involved 
in high-fidelity simulators are continually being developed to im- 
prove the realism of the systems. Vimal Chopra’s chapter entitled 
“What can you do with a simulator?” includes a useful guide to the 
terminology, categorization and description of many of the drffer- 
ent simulators being used around the globe. The chapters by van 
Meurs (Model driven simulators from the clinical instructor’s per- 
spective) and Stern (Technical workshop: mathematical and com- 
puter models) are perhaps too detaile4 for the general reader. 
However, both chapters provide useful technical background 
information for those beginning to use high-fidelity simulators or 
wishing to evaluate the different systems available. 

I should point out that all the contributions to this book were 
made ın 1996 and the mechanical aspects and computer model- 
ling that make up the high-fidelity simulators are changing rapidly 
to improve the realism of these systems. I also suspect that all of 
the contributors would have more to say on the educational and 
research issues addressed in this book. This is a fast moving field. 

Although there are only two high-fidelity sumulators in the UK, 
there is increasing curiosity about the use of simulators for medical 
education. For those involved in assessing the educational value 
and cost of purchasing and running a simulator, this book has 
some useful information. In particular, Zimmerman outlines 
many of the issues relating to those starting a simulator pro- 
gramme and these issues relate equally well to those setting up a 
low-fidelity system such as ACCESS or a high-fidelity commercial 
human patient simulator. 

As a simulator user I have come away from reading this book 
with a number of new ideas to try. Descriptions of the ways in 
which simulators are used to teach high school students, nursing 
and resident programmes may bear resemblance to some of the 
work being done by the low- and high-fidelity simulator user 
groups in the UK already, but provide a slightly different perspec- 
uve. It is hard to imagine that this book will ever find a huge audi- 
ence because it is of such specialist interest. However, I would 
highly recommend it to anyone interested in medical education 
with or without the aid of simulators! 


EC. Forrest 


International Anesthesiology Clinics. Management of the Operating 
Room, Vol. 36. M. Witcocx (editor). Published by Lippincott- 
Raven, Philadelphia. Pp. 108; indexed; illustrated. Price US 
$57. 


A lst of the major problems besetting operating departments in 
the NHS would include: recruitment, training and retention of 
skilled staff over-rumning or under usage and cancellation of 
booked lists, in large part a reflection of the tradition of “owner- 
ship” of operating sessions by surgeons; funding the update and 
replacement of equipment; managing the interface between staff 
of different training backgrounds, nursing, technician and ODP, 
providing structures that reflect this variety and offer career oppor- 
tunities to all; accommodation of emergency work without disrup- 
tion of planned lists; difficulnes ın inter-personal relationships 
between theatre staff and theatre users; and achieving economy 
and efficiency in supplies management. 

This book consists of nine chapters written by authors from the 
USA dealing with the apparently rather different spectrum of 
issues confronting their operating rooms. There are, of course, 
shared problems, and the more entrepreneurial aspects of some 
of the discussions in this book might alter the thinking of clinicians 
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in the UK. Several chapters emphasize the message that the 
operating department should be regarded as a tool whereby the 
health care organization (in our situation a hospital trust or 
purchasing/commissioning authority) achieves its objectives This 
implies both that decisions regarding theatre development should 
be driven by the ambitions of this greater organization rather than 
those of surgeons, anaesthetists or theatre management, a concept 
still novel ın the NHS, and that the health care organization has 
clear and explicit ambiuons with a strategy for achieving them. 

One chapter deals ın rather general and simplistic terms with 
the role of a medical (clinical) director and another, on the 
Association of Operating Room Nurses, written by its president, 
describes 1ts educational and certification activities, someumes 
using laudatory language which suggests, rightly or wrongly, that 
this organization has not acquired the pre-eminence that the 
author believes it ought A chapter presents a glossary of a compre- 
henstve, not to say awe-inspiring, list of “procedural times”, intro- 
duced m an attempt to achieve standardization of terminology 
between institutions. The problem addressed is familiar to anyone 
who has implemented a theatre computer system but the chapter 
is not a good read. 

A chapter on management concepts is a wide-ranging review of 
the responsibilities of and skills required for successful operating 
department management, and one on financial and material man- 
agement is a combinaton of useful information, suggestions and 
concepts for the novice or would-be manager, together with 
opaque formulae, calculanons and charts to which only passing 
reference is made in the text. Emphasis is placed on the easily for- 
gotten costs of storage and order processing. Other chapters high- 
light the increasing pressure to control anaesthetic costs and 
discuss US regulatory and legal issues, together with some aspects 
of hazard avoidance, One proposes that the key to quality improve- 
ment is a clinical/administrative debriefing regarding each patent, 
followed by multidisciplinary analysis of the data, and presents 
sample criterion documentaton for this. The final chapter occu- 
pies almost one-fifth of the volume. It describes the purposes, both 
individual and corporate, of performance appraisal, emphasizing 
the need for objective, documented and defensible appraisal sys- 
tems. It includes a volume of detail, jargon and legisiatrve informa- 
tion, meaningful to few clinicians and out of sync with the 
overview style that characterizes the rest of the edition. 

‘The book, as always in this series, 1s well produced and pleasant 
to handle. It will widen the understanding and apprecianon by 
readers of the broader environment in which we all work. 


M. Cohen 


Princtples and Practice of Total Intravenous Anaesthesia, 1. SMITH AND 
P. F. Warre. Published by BMJ Publishing Group, London. 
Pp. 153; indexed; illustrated. 


This book is part of the Principles and Practice series and as such 1s 
designed as an introduction to total i.v. anaesthesia (TIVA) rather 
than as a reference textbook. It consists of six chapters covering 
historical aspects, i.v. drug pharmacology, delivery systems, advan- 
tages and disadvantages of TIVA, application of TIVA to special 


` 
+ 


661 


patient groups and future developments. The introductory chapter 
details briefty the historical development of 1.v anaesthesia dating 
from the first 1.v. injections in the 17th century up to current prac- 
tice. A brief introduction to basic pharmacokinetics and pharmaco- 
dynamic principles 1s mcluded in this opening chapter The 
second chapter covers the different types of 1.v. anaesthesia and 
details the development of TIVA from techniques such as neuro- 
lept anaesthesia. This is perhaps the weakest chapter in the book; 
the contents could have been usefully compressed and included ın 
the introduction. 

Pharmacokinetics and pharmacodynamics of individual drugs 
are considered in the third chapter. Newer drugs such as remifen- 
tanil are included, in addition to drugs of historical interest, such 
as Althesin. Drugs used as adjuvants to anaesthetics are also 
mcluded, and neuromuscular blocking agents. The latter arguably 
could have been excluded as most basic anaesthetic texts contain 
as much if not more information on this group of agents. 

The use of i.v. anaesthesia in special patient groups 1s covered 
with reference to day-case procedures, paediatrics, the elderly and 
the critically il. The differences in dose requirements are explored 
in these specific populanons, emphasizing the pharmacokinetic— 
dynamic factors responsible for these differences. 

Lv. drug delivery 13 documented in a logical and progressive 
manner starting with simple i.v. bolus techniques through to com- 
puter-controlled delivery and closed-loop control anaesthesia The 
section on monitoring 1s informative and interesting but its inclu- 
sion in the text tends to suggest that some form of EEG monitor- 
ing is required or desirable when using TIVA rather than 
inhalation agents, which 1s clearly not the case. The penulnmate 
chapter deals with the advantages and disadvantages of TIVA, toxic 
effects of volanle agents are detailed together with outcome studies 
examining recovery and complications after anaesthesia. Finally, a 
brief summary of future developments is given. 

All in all, this book ıs a good general introduction to i.v. anaes- 
thesia for the trainee. It introduces modern concepts in pharmaco- 
kinetics such as context-sensitive half-life and effect site 
concentration, although these are not always followed through into 
subsequent chapters, where only the standard pharmacokinenc 
variables for many of the drugs are discussed. Much more useful 
information could have been given for example by including the 
T, K,, for each agent rather than the K, for just some of the anaes- 
thetic agents, with a clear explanation of how to use such informa- 
tion 1n daily practice. 

There are several small errors in the book. Page 14, lime 9, states 
“A microrate constant describing the transfer of drug out of the 
central compartment into the ceniral compartment can be 
defined” should read; “A microrate constant describing the trans- 
fer of drug out of the central compartment into the effect sıte com- 
partment can be defined”. This may cause confusion to readers 
not familiar with the concept. A large pornon of the data in the 
graph on page 135 appears at first sight to be missing, and it 1s only 
clear why this 1s so by reference to the mam body of the text. 

These small criticisms aside, the book is a concise account of the 
basics of i.v. anaesthesia and can be recommended to those seek- 
ing to familiarize themselves with the principles of the technique 


N. Sutchffe 





ERRATA 


Haemodynamic effects of Org 9487 tn patients undergoing coronary artery surgery. (BJA 1998; 81: 282-283. 


Anaesthetic Research Society Abstracts). 


Two errors occurred in table 8 of this abstract. Heart rate for Org 9487 at 5 min was incorrectly published at 
5 beat min`. The correct value should be 58 beat min™. Also, the units for SVR were incorrectly published as 


dyne s” cm”. The correct units are dyn s cm”. 


Effect of l-lysine on nitric oxide production in ovine endotoxaemia. (BFA 1998; 81: 188-192). 
Throughout this article, the units for SVR were incorrectly published as dyn s” cm”. The correct units are 


dyn s cm”. 


We apologize to the authors for these errors, which arose during the editorial process. 
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EDITORIAL I 


Improved performance with single dose phosphodiesterase inhibitor? 


An increasing proportion of patients presenting for 
anaesthesia and surgery have a degree of myocardial 
ischaemia and failure. This is especially true in 
patients with “end-stage” heart disease, that is those 
patients who require heart ‘surgery. Advances in 
angioplasty and medical management have increas- 
ingly led to a patient population undergoing cardiac 
surgical procedures that is older, has worse preopera- 
tive myocardial function and is more likely to suffer 
coexisting disease processes. 

Factors associated with an increased likelihood of 
a need for inotropic support to facilitate weaning 
from cardiopulmonary bypass (CPB) include 
increasing age, low preoperative ejection fraction, 
cardiac enlargement and a high baseline left ventric- 
ular end-diastolic pressure on ventriculogram.'” In 
addition, there are several clinical scenarios related to 
vascular, orthopaedic and general surgery where 
these patients have a degree of added myocardial 
depression at the end of surgery. This may require 
short-term support to maintain an appropriate car- 
diac output. 

In patients undergoing heart surgery before 
attempts at separation from bypass, there aré known 
risks and benefits of providing early i inotropic inter- 
vention, which are listed in table 1. 

Thus the ideal drug for prophylactic use in patients 
deemed to be at high risk of requiring inotropic sup- 
port would improve haemodynamic variables with 
minimal side effects, especially in those who may 


` 
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‘and thus limit the usefulness of catecholamines. 


Administration of epinephrine (adrenaline) may be 
associated with increased myocardial ischaemia and 
an increase in diastolic filling pressures. Patients who 
are receiving inotropic support after bypass have a 
higher incidence of arrhythmia and are more tachy- 
cardic, a major risk factor for increasing ischaemia, 
when receiving f-agonists. All B-agonists have a very 
short half-life and must be administered as a contin- 
uous infusion. This allows rapid titration to effect, 
but can be time consuming to prepare and may 
require frequent adjustments in infusion rate. 
Phosphodiesterase inhibitors such as amrinone, 
milrinone and enoximone differ in their presentation 
and physical properties (table 2). All display positive 
inotropic activity based on inhibition of phosphodi- 
esterase type IN (PDE IN), which results in increased 
concentrations of cAMP. They also induce an 
increase in calcium sensitivity at the sarcoplasmic 
reticulum. These two mechanisms lead to improve- 
ment in myocardial contractility. These performance- 
enhancing effects on the muscle are complemented 
by other actions caused by inhibition of other phos- 
phodiesterase isoforms, leading to an increase in 
cyclic GMP. The effect of this is to cause vasodilata- 
tion to improve diastolic compliance, reduce after- 
load and prevent internal mammary artery spasm.’ 
As the PDE MI inhibitors bypass B-adrenergic recep- 
tors to increase cAMP, they potentiate the effects of 
£8-agonists thereby allowing reduction in the require- 
ments for those agents.” Also, they do not cause 


require support for only a short time. i `, 
There is no ideal inotrope available at pent.’ 
Inotropic drugs used for separation fori Crag 


5 .gnificant tachycardia and are considerably less 
” arrhythmogenic than sympathomimetic drugs. 


include B-agonists and phosphodiesterase inhibitors 
(PDE). Both groups of agents have advantages and 
disadvantages. The effectiveness of {adrenergic 
drugs in the situation of a failing myocardium after 
bypass is limited by side effects such as arrhythmia, 
increased myocardial oxygen consumption and 
peripheral vasoconstriction. Beta receptor desensiti- 
zation may also lead to the development of tolerance 


Table 1 Risks and benefits of early inotropic intervention during 
cardiac bypass surgery 





Risk/disadvantage Benefit/advantage 
Unnecessary drug use Increased myocardial contractility 
Tachycardia/arrhythmia Resolution or prevention of 
ischaema 
Hyper/hypotension Simplified control of possible side 
effects of inotropic agents while 
on bypass 
Possible myocardial damage Dilation of the internal mammary 
Need for other agents to treat Prevention of the “failed wean” 
the side effects ofthe, X and its attendant complications 
inotropes d 


Ty 


On pharmacodynamic criteria, the PDE II in- 
hibitors seem to have a better profile than f-agonists. 
The question therefore is to determine the most 
appropriate patient, time and dose regimen for 
administration of a PDE IU inhibitor. 

PDE IMI inhibitors have been studied in the con- 
text of: (a) patients with cardiac failure who have not 
undergone surgery; (b) those who have developed 
low output failure after bypass, either after a failed 
weaning attempt or subsequently on the intensive 
care unit’; and (c) patients who were thought to be 
at risk during weaning and therefore were given pro- 
phylactic PDE IN inhibitor into the pump.“ 

All of these reports demonstrated a consistent 
increase in cardiac index, with a decrease in systemic 
and pulmonary vascular resistance. Dose require- 
ments in surgical compared with medical patients 
have been shown to be less, presumably because of 
differences in the underlying pathophysiology of 
heart failure. The therapeutic response to milrinone 
was shown in the European multicentre study’ to be 
partially determined by pretreatment haemodynam- 
ics; the greatest proportional response in cardiac 
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Editorial I 


index was seen in those patients whose baseline 
haemodynamic function was most impaired. This 
suggests that those who benefit most from this ther- 
apy are patients with more impaired, or potentially 
impaired, cardiac reserve. 

Pharmacodynamic studies show a relatively short 
context-sensitive half-time of PDE I inhibitors after 
a bolus loading dose, and so it has been recom- 
mended that continuous infusion of drug is started 
promptly after loading.‘ Most studies reported thus 
far have followed this recommendation. However, 
more recent experimental data, together with a 
review of previous study data, question if this 
approach is universally required. 

In particular, Gonzalez and colleagues found no 
significant correlation between clinical effect of enox- 
imone and serum concentrations of the drug or its 
active metabolite. Therefore, they suggested that 
there may be a longer duration of the intracellular 
actions of the drug than suggested by pharmaco- 
kinetic data.” 

This suggestion is further endorsed by other evi- 
dence: 

(1) Kikura and colleagues reported no significant 
difference in haemodynamic improvement between 
patients treated with a loading bolus alone or a bolus 
followed by an infusion.’ 

(2) The European milrinone multicentre study’ 
found no difference in improvement in cardiac out- 
put in patients allocated to a high- or low-dose infu- 
sion after a standard loading dose. 

(3) When a loading dose of PDE I] inhibitor was 
administered before separation from bypass, there 
was consistent improvement in haemodynamic state 
that continued for at least 2 h after operation without 
the use of a continuous infusion.” This work has 
been substantiated by a report from Lobato, Florete 
and Bingham in this issue of the journal.” In these 
studies, the need for vasoconstrictor therapy to offset 
any vasodilatation caused by the initial loading with 
PDE IN inhibitor decreased over time, but improve- 
ment in cardiac index was sustained. 

(4) Badner, Murkin and Shannon” also showed 
that in patients undergoing mitral valve surgery, there 
was a measurable decrease in systemic vascular resis- 
tance in patients treated with amrinone administered 
before separation from CPB. Nevertheless, there was 
no associated increase in the amount of vasopressors 
or inotropes needed to wean from bypass. They 
demonstrated a significant decrease in mean arterial 
pressure, only within the first few minutes of admin- 
istration of amrinone. These patients were on CPB, 
allowing easy manipulation of either pump flow or 
use of vasopressor agents at a non-critical time to 
maintain haemodynamics. As with the European mil- 
rinone data,’ this group also showed a statistically 
significant inverse relationship between baseline car- 
diac index and subsequent improvement in haemo- 
dynamic variables. 

Although the ideal inotrope is currently not avail- 
able, there are compelling arguments in favour of the 
use of phosphodiesterase inhibitors with pre-existing 
ventricular dysfunction, after myocardial revascular- 
ization, when postoperative ischaemia is present or 
when stunning of the myocardium is likely to be pre- 
sent. They appear safe in terms of their arrhythmo- 
genic potential and exert greater effect on those with 
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the worst pretreatment myocardial performance. An 
extension of this argument could be that if given pro- 
phylactically to all patients considered at risk of 
requiring inotropic therapy in the early postoperative 
period, they should have little detrimental effect on 
those patients who subsequently confound expecta- 
tions and do not need such drugs. An increasing 
body of evidence suggests that the loading dose alone 
is crucial and any further infusion of PDE HI into the 
postoperative period, despite decreasing plasma con- 
centrations of drug, may be of little benefit to 
improve cardiac output. However, prolonged admin- 
istration may increase the possibility for concurrent 
vasoconstrictor therapies if vasodilatation becomes 
prominent. 

If the evidence for the use of a loading dose only is 
confirmed, this suggests that PDE III inhibitors 
should be increasingly used prophylactically in high- 
risk patients. For non-cardiac surgery, ease of storage 
and administration (table 2) suggest that milrinone 
may be the drug of choice. In cardiac surgical prac- 
tice, the current evidence shows that this approach 
offers the opportunity to: avoid a failed wean from 
bypass thereby reducing the duration of bypass; 
resolve or prevent ischaemia; and avoid the need for 
mechanical intervention such as an intra-aortic bal- 
loon pump. 


K. J. Foce 


D. ROYSTON 
Department of Anaesthesia 
Harefield Hospital 
Hill End Road 


Harefield 
Middlesex UB9 67H 
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EDITORIAL N 


Gastrointestinal tonometry comes of age? 


Monitoring of gut mucosal perfusion is of established 
clinical interest.” There are many methods available 
to aid the clinician in the diagnosis and monitoring of 
gut mucosal ischaemia but few are of practical use in 
the clinical domain. The only clinical monitor cur- 
rently available that can provide such information 
and is practical for use during routine practice is the 
gastrointestinal tonometer.”* 

Tonometry refers to measurement of partial pres- 
sure of a gas. Gastrointestinal tonometry uses a mod- 
ified nasogastric tube to allow measurement of 
carbon dioxide tension in the lumen of the gastro- 
intestinal tract. This measurement, when used in 
combination with arterial bicarbonate, can be 
used to estimate the intramucosal pH (pHi) of the 
gastrointestinal tract. Despite several fundamental 
flaws in the tonometric technique, experimental 
studies have shown that mucosal acidosis (measured 
with the gastrointestinal tonometer) correlates with 
reduced mucosal perfusion and/or the onset of 
anaerobic metabolism in response to hypovolaemia, 
hypoxaemua and sepsis. ”* 

The clinical use of gastrointestinal tonometry 
remains controversial, despite an impressive clinical 
research record. In many, although not all, published 
studies of patients admitted to adult intensive care 
units, an abnormally low pHi value has been found to 
be common and associated with a poor outcome. Ina 
prospective, randomized, multicentre study of pHi- 
guided therapy, a >25% improvement in survival was 
reported in patients admitted to the ICU with a nor- 
mal pHi.” Numerous published studies on hundreds 
of patients have examined the relationship between 
pHi and outcome after accidental trauma or major 
surgery and have concluded that the presence of a 
low pHi 1s a predictor of poor outcome.’ In studies 
that compared tonometry with other routinely used 
monitors of cardiorespiratory function, 1t has been 
found to be a more sensitive predictor of morbidity 
than global measures such as arterial pressure, 
cardiac output or urine flow measurement.® In a 
prospective, randomized study of trauma patients, 
Ivatury and colleagues compared PA catheter oxygen 
delivery—oxygen consumption-guided therapy with 
pHi-guided therapy.’ They found that patients who 
corrected their pHi by 24 h had a better outcome, 
irrespective of the treatment group, and there was a 
marked trend towards improved outcome in the pHi- 
guided group. We have reported the results of a 
prospective, randomized study of the effects of fluid 
loading patients undergoing elective cardiac surgery 
with the aim of maintaining perioperative gastric 
mucosal perfusion.” We found that the incidence of a 
low pHi was significantly reduced in the study group 
compared with controls, as were the number of 
major complications and days spent in hospital. 
Marik, Iglesias and Maini reported similar findings 
in patients undergoing aortic surgery with regards to 
pHi but not outcome.’ In both studies, pHi was used 
as an outcome variable but not as a monitor to guide 
therapy. 


A monitor is a warning device that detects a physi- 
ological abnormality allowing the physician to inter- 
vene to correct the abnormality with the hope that ıt 
is associated with an improvement in outcome. Aside 
from the concerns surrounding the whole concept of 
gastrointestinal tonometry and whether or not it can 
be used as a measure of tissue perfusion—oxygena- 
tion, there are major concerns about the practicalities 
of the established saline catheter technique. First, the 
numerous steps involved mean that it 1s prone to 
many systematic errors. Second, as highlighted by 
Kolkman and colleagues in this isssue of the journal, 
equilibration of carbon dioxide with saline within the 
tonometer balloon is never complete and thus a time- 
dependent correction factor is required.” Third, rou- 
tinely used blood-gas analysers are not well designed 
for measurement of carbon dioxide in saline, and bias 
and imprecision are common.” Fourth, the fact that 
it is a manual system with a long equilibration period 
makes it virtually impossible to use as a true monitor 
in the setting of acute resuscitation (e.g. during 
major surgery). 

The introduction of the Tonocap (Instrumentarium 
Corp., Helsinki, Finland) is an important advance. The 
‘Tonocap is designed to use the same TRIP tonometer 
catheters (Instrumentarium Corp., Helsinki, Finland) 
that were used for saline tonometry. The device inflates 
the balloon on the end of the catheter with a small 
volume of air, allows for equilibration with the gastro- 
intestinal environment, then automatically aspirates the 
balloon content. The gas from the balloon is analysed 
using the same infra-red method used to measure 
expired gas mixtures. The sample is then replaced into 
the balloon to decrease the equilibration time for the 
next. 

We have seen reports previously of in vitro testing, 
suggesting many of the systematic errors involved in 
balloon saline tonometry and concerns about equili- 
bration times have been eliminated.” The Tonocap 
has minimal bias and excellent precision for determi- 
nation of Pco, im vitro. As with any monitoring 
device, tn vivo use ıs associated with a reduction in 
precision.’*” One of the difficulnes in determining 
performance in patients is the lack of a gold standard 
for measurement of tissue Pco,. Therefore, when 
saline tonometry is used as a gold standard we 
should not be surprised to see a large scatter, as 
reported in the study of Janssens and colleagues’® in 
this issue of the journal. In vitro testing has shown 
that the saline method has a fixed negative bias and a 
much higher degree of imprecision.” 

The fact that the Tonocap combines both end-tidal 
and gastrointestinal luminal carbon dioxide mea- 
surement could mean that arterial blood-gas analysis 
will no longer be an essential component of gastro- 
intestinal tonometry. The calculated pHi concept is 
already unpopular as it is influenced markedly by 
acid—base disturbances that may be independent of 
gut perfusion. Gastrointestinal Pco, is uninter- 
pretable without reference to arterial carbon dioxide, 
as both are directly influenced by alveolar ventilation. 
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This has led to the popularization of the “CO, gap” 
(i.e. gastrointestinal Pco,—arterial Pco,). However, 
calculation of the CO, gap demands arterial blood- 
gas analysis and thus reduces the value of automated 
online tonometry measurements: it is unlikely that 
blood-gas analysis is performed every 10 min. The 
automated calculation of the gastrointestinal -end-tidal 
Pco, gap could overcome all of these issues. At first 
glance, an obvious source of error lies in the well recog- 
nized gradient between end-tidal and arterial carbon 
dioxide and the influence of ventilation—perfusion mis- 
matching on physiological deadspace. On more careful 
consideration, these may not be real problems in clini- 
cal practice. First, all monitors are most useful as trend 
indicators providing there is confidence in the quality 
of signal—we already accept this limitation with rou- 
tine use of end-tidal Pco, measurement. Second, any 
increase in physiological deadspace secondary to 
reduced pulmonary perfusion tends to exaggerate the 
gap between end-tidal and gastrointestinal Pco, rather 
than reduce it. This may expose some patients to 
unnecessary treatment but will not leave patients with 
dangerously covert gut mucosal hypoperfusion. 

There are several issues that need careful considera- 
tion before we accept the Tonocap as a direct substi- 
tute for saline tonometry: (i) the Tonocap has 
eliminated negative bias associated with the saline 
measurement, thus direct comparisons with saline 
data are of limited value; (ii) the Tonocap and in par- 
ticular gastrointestinal-end-tidal Pco, needs indepen- 
dent investigation and validation; (iii) the vast majority 
of the previously published tonometry data were col- 
lected using the saline method and calculation of pHi. 
A leap of faith to “CO, gap” means the metabolic 
component from arterial bicarbonate is lost and there- 
fore one should not necessarily assume that the pre- 
dictive ability will be as high;* and (iv) it is inevitable 
that any new monitor is associated with a list of arte- 
facts not anticipated by the manufacturers and these 
will only come to light with clinical experience. 

In summary, with the clinical availability of the 
Tonocap, gastrointestinal tonometry has come of 
age. If we choose to measure the Pco, of a patient’s 
gastrointestinal tract, it can be done more easily and 
reliably than ever before using the Tonocap. Should 
we bother? Well, who knows? It is a decision we have 
to make for ourselves. Awaiting the results of large, 
prospective, randomized, multicentre studies is 
unlikely to provide answers that will enhance our 
decision. There is no precedent for a physiological 
monitor used in anaesthetics. Traditionally, we have 
said if we can detect and correct a physiological 
abnormality (e.g. hypoxaemia and the pulse oxime- 
ter) then that is good enough. A monitor is not a 
therapy and as such cannot influence outcome. A 
monitor can only guide therapeutic intervention. 
Therefore, it is extremely unlikely that anyone will 
ever organize or fund a study that will support or 
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refute the suggestion that the Tonocap will help you 
to help your patients. Sad, but true. 


M. G. MYTHEN 


A. R. WEBB 
UCL Hospitals 
Mortimer St 
London WIN 8AA 
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CLINICAL INVESTIGATIONS 





Characteristics of time-dependent Pco, tonometry in the normal 


human stomach 


J. J. KOLKMAN, P. J. G. M. STEVERINK, A. B. J. GROENEVELD AND S. G. M. MEUWISSEN 





Summary 

Factors that affect Pco, measurement in balloon 
saline during gastrointestinal tonometry are 
unclear. They include carbon dioxide diffusion 
rate, correction factors for calculation of equilib- 
rium Fco, from measurements at saline dwell 
times that are shorter than needed for full equili- 
bration, role of blood-gas analyser bias during 
ex vivo Pco, measurements in saline, and normal 
values for intragastric Pco, (Pi...) and intramu- 
cosal pH (pHi) at equilibrium, “and their differ- 
ences from blood values. In a laboratory study, 
normal Pco, changes in a saline-filled tonometer 
balloon placed in a saline bath at constant Fco, 
were described by a non-linear model, with a 
half-time of mean 4.4 min and 95% equilibration 
at mean 83 min. In a study in 20 healthy volun- 
teers, Fi, build up in a saline-filled tonometer 
balloon ‘placed in the stomach, measured at 
dwell times of 10, 20, 30 and 60 min, was slightly 
(P < 0.05) slower than in vitro, with a half-time of 
mean 5.8 min and 95% equilibration at mean 110 
min. Correction factors to derive equilibrium 
Pigg, at short dwell times and independently from 
blood-gas analyser bias were calculated. The 
factors differed (P<0.05) from those currently 
provided by the manufacturer. Normal threshold 
values (mean) were: equilibrium Pico, <6.6 kPa, 
pHi 27.33, Pig, to blood Fto, difference <1.1 kPa 
and pH difference 2-0.06. Fi,,, did not differ from, 
and was directly related to, “blood Peco, These 
values provide a reference base for other studies 
and show that gastric mucosal Pco, depends on 
alveolar ventilation if blood flow is adequate. (Br 
J. Anaesth. 1998; 81: 669-675) 


Keywords: carbon dioxide, measurement; gastrointestinal 
tract, pH; measurement techniques, tonometry 


An increased intragastric Pco, (Pi,,), as measured 
by tonometry, or its derivative, decreased intramu- 
cosal pH (pH), suggests inadequate gastric mucosal 
blood flow.” If blood flow is sufficient and acid 
secretion is suppressed to avoid generation of carbon 
dioxide from bicarbonate buffering of gastric acid, 
Pico, approximates supplying blood Pro,.”” 
Increased Piceo, relative to blood Pco, during 
ischaemia stems from a reduced washout of metabol- 
ically produced carbon dioxide after hypoperfusion 
and from buffering of anaerobically produced lactic 
acid by bicarbonate.” Even though intramucosal 
bicarbonate may not be the same as the supplying 
blood bicarbonate content,’ pHi, calculated from 


Pigg, and blood bicarbonate content using the 
Henderson-Hasselbalch equation, is often used as a 
measure of the adequacy of gastric mucosal blood 
flow. Clinical studies in critically ill patients suggest 
that a low pHi is predictive of a poor prognosis’*™* 
and that pHi can guide therapy and umprove 
survival.” ° Although tonometry is a promising tool 
for assessment of adequacy of regional blood flow in 
critically ill patients, it has not gained wide accep- 
tance, partly because of methodological uncertain- 
ties. 

Pico, Í is measured ex vivo in saline aspirated from 
the intragastric tonometer balloon, after a given 
dwell time. To calculate the equilibrium Pi,, from 
dwell times shorter than the time needed “for full 
equilibration, which exceeds 60 min, measured Pico, 
is multiplied by dwell time-dependent correction fac- 
tors. These factors are provided by the manufacturer 
of the tonometer.” ® However, the normal rate of 
Pico, change in the tonometer balloon im vitro and in 
the normal human stomach, and thereby the validity 
of the correction factors, taking into account the 
recently described catheter deadspace effect and 
Pco, measurement bias in saline by most blood-gas 
analysers, ‘4 are virtually unknown. Consequently, 
the normal ranges of equilibrium Pico, and pHi and 
their differences from blood values are unclear. The 
lower limit of normal pHi, for example, may vary 
between 7.31 and 7.35.’'°°")?%" Finally, the 
premise that long dwell times yield more accurate 
Pigg, assessments than shorter ones is unproved.” 

In this study, we assessed normal Pico , build-up i in 
the tonometer balloon im vitro and in thé stomach of 
healthy volunteers. We intended to provide a refer- 
ence base for manual saline tonometry and thereby 
widen its clinical use, particularly if semicontinuous 
automated air tonometry (a technique that circum- 
vents some of the methodological problems associ- 
ated with saline tonometry) is not yet available.” 


Subjects and methods 


The in vitro study was performed at the Department 
of General and Large Animal Surgery, University of 
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Utrecht. The volunteer study was performed at the 
Free University Hospital, Amsterdam. The study was 
approved by the Local Ethics Committee. 

For the in vitro study, a steady state Pco,in a 5- 
litre, temperature-controlled (mean 37.0 (sp 0.2)°C) 
0.9% saline-filled glass tank was achieved by bub- 
bling carbon dioxide calibration gases (4.98% and 
9.98% in nitrogen, accuracy 1%; NTG, Tilburg, The 
Netherlands) at a flow rate of 5 litre min” via a 
microporous device placed on the bottom of the 
tank. There was a small hole in the rubber cover of 
the tank for gas insufflation and one for gas venting. 
Bath Pco, was assumed to have reached steady-state 
after approximately 3 h when five consecutive deter- 
minations at 5-min intervals differed by less than 5%. 
Bias (mean difference from expected Pco,) and pre- 
cision (sp of the bias) of Pco, measured in saline with 
the blood-gas analyser (ABL 505, Radiometer, 
Copenhagen, Denmark) was determined by compar- 
ison of the measured bath Pco, at steady state with 
the expected bath Pco,. The latter was calculated 
from the carbon dioxide content of the calibration 
gas, bath temperature and barometric pressure 
(Pbar), according to the gas law expressed in the 
equation Pco,=(Pbar-47)x100x%CO, content, 
where 47 mm Hg represents water vapour pressure. 
With the blood-gas analyser used in this experiment, 
bias was —6.8% and precision 3.0%, in agreement 
with the literature.” Thus for the in vitro experiment, 
all Pco, measurements in saline were multiplied by a 
factor of 1.07 (=100/93.2). Using this factor, mea- 
sured bath Pco, was mean 4.8 (sp 0.2) KPa and 9.4 
(0.2) kPa, at an expected bath Pco, of 4.8 kPa and 
9.5 kPa, respectively. Pco, at the start and end of the 
experiment was 4.8 (0.2) kPa and 34.7 (0.2) kPa, 
respectively, at low bath Pco,, and 9.4 (0.2) kPa and 
9.4 (0.1) kPa, respectively, at high bath Pco,, indicat- 
ing steady state during the experiment. 

Pco, increase was determined in six sigmoid-type 
tonometers (TRIP, Tonometrics, Bethesda, ML, 
USA), consisting of a silastic nasogastric tube imper- 
meable to carbon dioxide with a volume of approxi- 
mately 1.0 ml, and a silicone carbon dioxide 
permeable balloon with a volume of 2.5 ml. These 
were placed in the saline bath at steady state Pco,, 
after balloon saline dwell times of 10, 20, 30, 45, 60, 
90 and 120 min. Measurements were performed for 
each tonometer at both expected bath Pco, concen- 
trations of 4.8 and 9.5 kPa. For each dwell time, 
saline 2.5 ml was introduced into the tonometer bal- 
loon. After a given dwell time, saline was aspirated 
and the first 1.0 ml was considered to represent 
deadspace. Between dwell times, the tonometer was 
rinsed four times with 2.5 ml of fresh saline to 
remove all saline in the deadspace compartment, to 
avoid contamination of reintroduced saline by the 
fluid remaining in the deadspace after prior aspira- 
tion. 

For the in vivo study, we studied 20 healthy volun- 
teers, aged 21-26 (mean 23) yr, after obtaining 
informed consent. Volunteers did not eat or smoke 
for 10 h before the study, and did not drink for 2 h 
before or during the study. Volunteers were seated 
during the study. A glass electrode for continuous 
gastric juice pH measurement with integral Ag/AgCl 
reference electrode near its tip (Ingold 440, Ingold 
Messtechnik, Urdorf, Switzerland) was introduced 
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via the nose into the stomach. Using direct pH mea- 
surement, the electrode was placed 10 cm beyond 
the gastro-oesophageal junction, which was recog- 
nized by an abrupt pH decrease. The pH electrode 
was connected to a recorder which stored mean pH 
every 8 s using a hospital-developed microcomputer 
system for pH analysis.’ A tonometer (TRIP, 
Tonometries Inc., Bethesda, ML, USA), sigmoid 
type, was repeatedly filled and emptied using saline 
to remove all air. We used the sigmoid-type catheter 
as it is better tolerated by healthy volunteers than the 
gastric type.” The tonometer was placed via the nose, 
the same distance as the pH electrode. In each sub- 
ject, 2 h after tonometry was started, gastric acid 
secretion was suppressed by an i.v. bolus dose of rani- 
tidine 100 mg, followed by continuous infusion of 25 
mg h” via an infusion pump (Limed P55-330, 
Limed, Amsterdam, The Netherlands). Gastric acid 
secretion was suppressed to prevent buffering of gas- 
tric acid by bicarbonate, thereby increasing Pico, 
independently from mucosal Pco,.’°* We aimed to 
have a constant gastric juice pH>4, 0. In fact, 2 h 
after the start of drug infusion and before tonometry, 
gastric juice pH was 5.6 (1.5) and >4.0 in each vol- 
unteer. pH remained >4.0 for 92(3)% of the study 
time, indicating sufficient inhibition of gastric acid 
secretion for tonometry.” We used saline for gastric 
tonometry as saline is commonly used and allows for 
relatively rapid balloon Pico, build-up and for accu- 
rate measurements provided that an adequately 
anaerobic techni nique is used and blood-gas analyser 
bias is known.” ™ In each volunteer, Pic, was mea- 
sured after sequential saline dwell times in the 
tonometer balloon of 10, 20, 30 and 60 min. At the 
start of each measurement, 2.5 ml of fresh saline was 
introduced into the tonometer balloon. After a given 
dwell time, saline was aspirated and the first 1.0 ml, 
containing the deadspace volume of the catheter, was 
discarded. The next 1.5 ml was aspirated into a 
2.5-ml polypropylene syringe (Monoject, Sherwood 
Medical, Ballymoney, Northern Ireland) which was 
closed with a plastic cap (Capillary caps, Ciba- 
Corning, Sudbury, UK). In this sample, Pico, was 
measured within 15 min, using a blood-gas analyser 
(Corning 278, Ciba-Corning, Houten, The 
Netherlands). Bias and precision for Pco, measure- 
ments in saline with this blood-gas analyser were 
determined, as described above. Bias was -15% and 
precision 3%, in agreement with the literature.” ” 
Thus all measured Pico, values in saline in the volun- 
teer study were multipited by 1.18 (=100/85). When 
we did this volunteer study we were unaware of the 
catheter deadspace effect as a source of measurement 
error at short dwell times.“ Fresh saline was intro- 
duced for the 10-min dwell times. Overestimation of 
Pigg, in the next measurement with the 20-min dwell 
time caused by the deadspace effect amounts to 
6%.” Hence, the 20-min Pics, data were corrected 
accordingly. The index finger’ of each subject was 
warmed in water for 3 min and two arterialized blood 
samples were obtained, one at the start and one at 
the end of the study. From these capillary samples, 
pH (cp), bicarbonate content (cBic, mmol litre”) 
and Pco, (Poo, KPa) were determined using a 
Corning 278 blood-gas analyser. Values in carefully 
i ast blood approximate those in arterial 
blood. 











0 30 80 90 120 
Time (min) 
Figure 1 Pco,mcrease (mean sD) for sx tonometers placed in 
saline baths at a steady state Pco, of mean 4.8 and 9.4 kPa The 
curves were derived from model 2 (see text; solid line) and model 
1 (broken line), for mean values. The latter model fitted the data 


less well than the former, since calculated Pco, at equilibrium was 
5% lower than bath values. 


CALCULATIONS AND STATISTICAL ANALYSIS 


For the im vitro experiments, the kinetics and equilib- 
rium of Pco, build-up were assessed by the least 
squares technique and non-linear regression analysis 
according to models 1 and 2. For model 1: 
Pco,()=Pco, at equilibriumx(1-e™); for model 2: 
Pco,(t)=Pco, at equilibriumxt/(7,+2). Pco,(t) is Pco, 
measured after t min, k is a constant, T, is the half- 
time of Pco, increase and t is time in minutes. The 
goodness of fit of the models was evaluated by the 
coefficient of determination (r’) and the ability of 
estimated equilibrium Pco, to predict bath Pco,. For 
the in vivo study, a curve according to model 2 that 
best represented the im vitro data, was used to 
describe the course of measured Pico, values. Time- 
dependent correction factors were calculated accord- 
ing to: correction factor =Po at equilibrium 
Pico, (). The means of the dwell time-dependent cor- 
rection factors were used to estimate the equilibrium 
Pico, from Pigg (2) at each dwell time. The coefficient 
of variation (C’V=sp/mean) was used as an index of 
reproducibility of equilibrium Pico, assessments 
at each dwell time. pHi was calculated according 
to the (Henderson—Hasselbalch equation from 
pHi=6.1+log (cBic/(0.03xPi,g, at equilibrium)). 
Linear regression analysis was used to correlate equi- 
librium with Peco, We calculated normal values 
for the tonomeric variables at each dwell time, using 
individually measured values multiplied by the mean 
dwell time-dependent in vivo correction factor, and 
for the values estimated at equilibrium in each 
patient. The threshold values were defined as mean 
(+2 sp) where appropriate. Data are expressed as 
mean (sD) or range, where appropriate. P<0.05 was 
considered statistically significant. 


Results 


IN VITRO STUDY 


Pco, increase in the tonometers at each bath Pco,, 
calculated according to models 1 and 2, is shown in 
figure 1. Both types of curves fitted well: mean 1’ was 
0.96 for model 1 and 0.98 for model 2. However, 
Pco, at equilibrium calculated with model 1 was 
lower than measured bath Pco,: 8.8 (0.2) kPa vs 9.4 
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Table 1 Correction factors for calculation of equilibrium Pico 
from measured Pico, corrected for blood-gas analyser bias (mean 
(sD)). HHtP<0.001 vs manufacturer’s correction factor, *P<0.05 
vs in vuro 





Our study 
Dwell ume 
(min) Manufacturer In vitro In vivo 
10 1.57 1.44 (0.05)tt}+ 1.58 (0.17)* 
20 1.39 1.22 (0.02)H}+ 1 29(009)Ht 
30 1.29 1.15 (0.02)+{#+ 1.19 (0.06) ttt 
45 1.19 1.10 (0.01)¢{f 1.13 (0.04)+4+ 
60 1.17 1.07 (0.01)Hłt 1.10 (0 03)¢ +t 
120 1.17 1.04 (0.01)Hłt 1.05 (0.02) FH} 


(0.2) kPa (P<0.001) and 4.5 (0.1) kPa vs 4.8 (0.2) kPa 
(P<0.001) for high and low bath Pco,, respectively. 

Pco, at equilibrium, calculated using model 2, did 
not differ from measured bath values: 9.5 (0.1) vs 9.4 
(0.2) and 4.8 (0.1) vs 4.8 (0.2) kPa. Therefore, model 
2 was used for the subsequent evaluation of Pco, 
build-up in volunteers. According to model 2, in vitro 
T, was 4.4 (0.5) min and mean time to reach 95% 
equilibration was 83 min. The dwell time-dependent 
correction factors in vitro are given in table 1. They 
differed from those provided by the manufacturer. 

Estimated Pco, at equilibrium, using mean cor- 
rection factors for multiplication with measured 
Pco, were, at an expected bath Pco, of 4.8 kPa, 5.0 
(0.1) kPa (CV 1.8%) at the 10-min dwell time, 4.7 
(0.2) kPa (CV 3.5%) at the 20-min dwell time, 4.7 
(0.1) kPa (CV 2.0%) at the 30-min and 4.9 (0.1) kPa 
(CV 1.5%) at the 60-min dwell time. At an expected 
bath Pco, of 9.5 kPa, estimated Pco, at equilibrium 
was at the 10-min dwell time 9.7 (0.2) kPa 
(CV 1.6%), at the 20-min dwell time 9.4 (0.2) kPa 
(CV 2.3%), at the 30-min dwell time 9.5 (0.2) kPa 
(CV 2.0%) and at the 60-min dwell time 9.7 (0.2) 
kPa (CV 1.5%). Hence, estimation of expected Pco, 
was accurate, independent of dwell time. 


IN VIVO STUDY 
Pico, build-up in vivo 


The rate of Pico, increase in vivo was slower than im 
vitro (T, of 5.8 (1.9) min, P<0.05 vs in vitro) (Fig. 2). 
Mean r was 0.95. Calculated Pico, at equilibrium 
was 5.7 (0.5) kPa, while 95% equilibration was 
reached at mean 110 min (P<0.05 ws in vitro). The in 
vivo correction factors differed from those supplied 
by the manufacturer. The in vivo and in vitro correc- 
tion factors differed at the 10-min dwell time only 
(table 1). Note that the in vivo correction factors 
were independent of blood-gas analyser bias. The CV 
values of the Pico, measurements were 12%, 11%, 
9% and 10%, at 10-, 20-, 30- and 60-min dwell 
times, respectively (table 2), which were higher than 
those in vitro but independent of dwell time, so that 
short dwell times should allow for accurate estima- 
tion of equilibrium . Table 2 also shows pHi and 
differences between tonometric and blood variables 
at each dwell time. 


Capillary blood 


For capillary blood samples, there were no differ- 
ences between initial and final values. Mean cpH was 
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0 15 30 45 60 75 80 
Time (min) 
Figure 2 increase (mean, Sp) in tonometers placed in the 
stomach in 20 healthy volunteers. The curve was calculated for 
mean values, according to model 2 (solid line) and that based on m 
vitro experiments according to model 2 (broken line). 


7.39 (0. 01), Pe co, 5.5 (0.4) kPa and cBic 24.8 (0.9) 
mmol litre”. Peo, and cpH did not differ from Pigg, 
and pHi, respectively. 


Normal tonometry values 


‘Table 3 shows normal values for the tonometric vari- 
ables and their differences from blood values. There 
was a significant correlation between equilibrium 

and Pe. (fig. 3), suggesting that Pico, Í is partly deter- 
mined by blood Pco, supplying the gastric mucosa. 


Error analysis: correction for incomplete equilibration and 
jor blood-gas analyser bias 


Using the dwell time-dependent correction factors 
provided by the manufacturer without correcting for 
blood-gas analyser bias, the expected Pico, calculated 
with the correction for blood-gas analyser bias and 
with the mm vivo correction factors of this study was 
underestimated, particularly at short dwell times 
(table 4). If the correction for blood-gas analyser bias 
is superimposed on the manufacturer’s dwell time- 
dependent correction factors, is overestimated, 
particularly at long dwell times (table 4). The lower 
limit of normal pHi would thus vary, whether or not 
correction for blood-gas analyser bias is superimposed 
on the manufacturer’s correction factors for calcula- 
tion of equilibrium and whether short or long 
dwell times are used, between 7.38 (at 16% underesti- 
mation of expected of 6.6 kPa) and 7.26 (at 12% 
overestimation of of 6.6 kPa), respectively, com- 
pared with 7.31 at an expected Pico, of 6.6 kPa. 


Discussion 


In this study, we have provided normal values for 
variables derived from gastric tonometry. From Pigg, 


British Journal of Anaesthesia 


Table 3 Normal m vvo threshold values 


Dwell time (min) 
Eguili- 
10 20 30 60 brrum 
Pico, (kPa) <6.9 <6.9 $6.7 $6.8 86.7 
a Based Pco, (kPa) Sl.1 $1.3 $1.3 $1.2 S1.1 
27.31 27.30 27.31 27.31 27.33 
AE pH 2-0.09 20.08 2-0.09 2-0.06 20.06 


increase in the în vitro experiments and in the human 
stomach, new correction factors, different from those 
supplied by the manufacturer, were calculated to 
allow for saline dwell times shorter than needed for 
full equilibration. With the use of validated correc- 
tion factors and the known blood- -gas analyser- 
dependent Pco, measurement bias,” ®® Pico, can be 
assessed accurately. 

Our results showed that Pi,, build-up in the 
tonometer in the human stomach was slower than in 
vitro. Coverage of the tonometer balloon by mucus in 
the stomach may reduce the diffusion rate. The clinical 
effect of a slower Piso, build-up is small and limited 
to short dwell times. The use of m vitro correction 
factors would lead to 10% and 5% underestimations 
of the expected Pico, at 10- and 20-min dwell times, 
respectively, so that, i in contrast with common prac- 
tice, the use of in vitro correction factors for in vivo 
measurements seems inappropriate. For a dwell time 
of 30 min in clinical studies, the i vitro correction 
factor can be used, as it does not differ from that in 
vivo. The i vitro correction factors found previously 
largely corresponded to ours, although it is unclear 
how they were derived.” The larger CV values of 
Pico, in m vivo than in the in vitro study may be 
explained by varying Pico, between individuals rather 
than a higher measurement error in vivo. In other 
respects, the variability of in vivo assessments 
was independent of dwell-time, and therefore reliable 
Pigg, assessments at short dwell times are 
practicable.” 

As our correction factors are independent of 
blood-gas analyser bias, the use of our factors by 
others during Pco, tonometry should be supple- 
mented by correction for Pco, measurement specific 
for the type of blood-gas machine and the tonometer 
fluid used.’*™ The higher correction factors supplied 
by the manufacturer than our im vitro factors may 
thus have included, contrary to common belief,’ 
blood-gas analyser bias for measurements in saline. 
We learned that the in vitro experiments performed 
by the manufacturer to develop correction factors 
involved numerous simultaneous measurements of 
tonometric balloon and surrounding bath Pco, at 
various dwell times in a randomized order, while 
blood-gas analyser bias for Pco, measurements in 
saline had not been appreciated (J. Kent, 


Table2  Equilibrrum Feo, pHi and differences with blood Pco, and pH assessed at various dwell times in vivo 


Dwell ume Pico, Pic blood Pco, 
(min) (kPa) (kPa) 

10 5.6 (0.6) [4.5/6.9] 0.1 (0.4) [0.8/1.0] 
20 5.7 (0.5) [4.9/7.0] 0.3 (0.6) [-0.7/1.4] 
30 5.7 (0.5) [4.9/6.7] 0.2 (0.5) [-1.0/1.2] 
60 5.7 (0.5) [4.8/6.7] 0.2 (0.4) (0.4/1.1) 
Equilibrium 5.7 (0.5) [4.8/6.5] 0.2 (0.4) [-0.4/1.0] 


pHi pHi-blood 





7.39 (0.04) [7.33/7.47] 
7.38 (0.04) [7.30/7.46] 
7.38 (0.04) [7.32/7.48] 
7.39 (0.04) [7.32/7.44] 
7.39 (0.03) [7.34/7.44] 


0.00 (0.04) [-0.06/+0.07] 
~0.01 (0.04) [-0.08/+0.06] 
-0.01 (0.04) [-0.06/+0.08] 
0.00 (0.03) [-0.06/+0.05] 
0.00 (0.03) [-0.05/+0.05] 
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Figure 3 Equilibrrum Pico, os Pego,. Solid line=regression line. 


‘Tonometrics, personal communication). The idea 
that the factor of blood-gas analyser bias has been 
erroneously incorporated into the manufacturer’s 
correction factors is supported by a correction factor 
at 120 min of 1.17 for the sigmoid and 1.11 for the 
gastric tonometer, at a time when equilibration 
approaches 96% and should be associated with a cor- 
rection factor of only 1.04, 

If a correction for blood-gas analyser bias is super- 
imposed on the manufacturer’s correction factors for 
measurements in saline, overestimation of Pico, and 
underestimation of pHi results, particularly at “long 
dwell times. This may explain a normal mean pHi of 
as low as 7.31, found in healthy volunteers by others, 
using both correction for blood-gas analyser bias and 
the manufacturer’s dwell time-dependent correction 
factors.’ Nevertheless, our normal variables largely 
agree with those found in healthy volunteers in a 
recent study,” even though the latter study does not 
provide information on correction factors and mea- 
surement bias. Finally, a slightly negative tonometer 
balloon-blood Pco, difference was found in a few 
subjects in our study, contrary to expectations based 
on normal physiology.® A negative difference could 
be explained by a fall within the tonometer and blood 
Pco, measurement error, that would be approxi- 
mately 5% at maximum, if both the blood and 
tonomeric assessments, as judged from the CV 
values of the tonometer Pco, measurements in vitro, 
carry an error of approximately 2.5%. 

The catheter deadspace, serving as a reservoir for 
the Pico, i increase,” may help to explain why model 2 
fitted the measured data better than model 1. The 
deadspace reservoir effect depends on the volume 
and diffusion capacity of the balloon and the volume 
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of the tonometer catheter lumen, so that the correc- 
tion factors would become dependent on the 
catheter type used.” For example, we have shown 
that a 50% increase in length increased the T, of a 
balloon Pico, increase by 20% and resulted in ‘hi 
correction factors at 10- and 20-min dwell times. i 
the gastric tonometer commonly used 1n critically ill 
patients is approximately 30% shorter than the sig- 
moid type, Pico, increase will be 10% faster.” From 
the data in our previous study,” it can be estimated 
that the correction factor at the 10-min dwell time 
would be approximately 4% less for the gastric than 
for the sigmoid tonometers used in vivo (i.e. 1.56 
instead of 1.58). Thus the correction factors for the 
common dwell times in clinical practice (20 min or 
more), as presented in this study for the sigmoid 
tonometer, are also applicable to the gastric tono- 
meter. Further, carbon dioxide remaining in the 
deadspace saline after each aspiration can influence 
subsequent measurements by pushing, upon reintro- 
duction of saline, some carbon dioxide-containing 
saline into the balloon and increasing starting Pies 4 
resulting in overestimation of Pico, of 10% and 6% at 
dwell times of 10 and 20 min, respectively. Rinsing of 
the tonometer four times before each reintroduction 
of saline circumvents this effect.” We took this phe- 
nomenon into account, thereby explaining a simular 
goodness of fit of model 2 for the in vivo as for the in 
vitro data. 

There is large variation in calculated normal Pi, 
and pHi between centres, and our study suggests that 
this may be from differences and errors in methodol- 
ogy (table 4). For example, in many studies, informa- 
tion on the blood-gas analyser, dwell time used, or 
both, was not provided.” “#3 %22 The saline 
method has been compared with the recently devel- 
oped automated, semicontinuous air tonometry, an 
apparently simple and reliable technique that may 
circumvent many of the methodological problems 
associated with manual saline tonometry in vitro and 
in critically ill patients.”**” In contrast with this 
method, Pco, measured by saline tonometry and cor- 
rected for dwell time may overestimate surrounding 
Poo,, Particularly at short dwell times. This overesti- 
mation may be from high correction factors for short 
dwell times provided by the manufacturer, erro- 
neously incorporating bias of the blood-gas 
analyser.” ” In comparing saline with air tonometry 
in vivo,” ” however, fair agreement was observed, 
but since blood-gas analyser bias was not reported, it 
cannot be judged how the normal saline tonometric 
variables used as a gold standard were obtained. The 
correction factors and normal values for saline 


Table 4 Effects of tonometer type, manufacturer’s dwell time-dependent correction factors, and blood-gas analyser bias on expected Pioo, 
Expected Pioo, was caculated using our m vivo correction factors (table 1) supplemented by our blood-gas analyser bias of 15% 





% Difference from expected Pigg, 





Without correcnon/ 








Dwell Sigmoid/Gastric type : With correction 
ume prams ete for lone gas süsle biss oi for blood gas analyser bias of 
(min) of the manufacturer -15% 7 -7% -15% 
10 1.57/1.62 -1 6-138 -8%/-5% -1%/+3% 
20 1.39/1 36 Brie A 0%/-2% +8%/+6% 
30 1 29/1 24 —8%/-12% +1%/-3% +8%/+4% 
45 1 19/1.16 -11%/-13% —2%/-5% +5%/43% 
60 1 17/1.13 -9%/-13% -1%/-5% +7%/+3% 
-5%/-10% +4%/-2% +12%/+6% 


120 1 17/1.11 
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tonometry reported in this study may, in turn, form a 
reference base for future evaluation of other types of 
tonometry 1” vivo. 

It may be questioned if increase in healthy 
volunteers applies to critically ill patients. Critically 
ill patients may have mucosal hypoperfusion, oedema 
and swelling, which may slow transmucosal Pco, dif- 
fusion and tonometer Pico, increase. Limitation of 
intramucosal diffusion may not adversely effect Pico, 
increase in the tonometer balloon, however, if it is 
true that the latter is m ainly determined by luminal 
rather than mucosal Pco,.” In fact, gastric aqueous 
contents approximate 40 ml after suppression of acid 
secretion and consist of mucus covering gastric 
mucosa and free secretions.” Complete equilibration 
of a 2.5-ml balloon would decrease gastric fluid and 
mucus Pco, by 6% (or 0.3 kPa), and therefore hardly 
any transmucosal diffusion is needed to offset Pico, 
build-up in the tonometer balloon. 

Finally, the idea that Pico, is partly dependent on 
Pco, in blood supplying the’ gastric mucosa,’ is sup- 
ported by the relationship between the two variables 
in our study, even in the relatively narrow blood Pco, 
range in healthy subjects. Our results indicate that 
the normal gastric mucosal Pco, depends on alveolar 
ventilation, if blood flow is adequate. As changes in 
arterial Pco, may affect in a similar direction, 
the difference in Pco, between gastric lumen and 
arterial blood is more likely to constitute a sensitive 
and specific measure for the adequacy of mucosal 
blood flow than Pico, and pHi per se, that do not 
incorporate blood Peo, * Further, pHi is confounded 
by arterial blood bicarbonate content, that may vary 
independently from mucosal bicarbonate content.“ 
Therefore, we supplied normal values for Pico pHi 
and blood Pco,—pH differences in addition to y those 
for Pigg, and pHi alone. 

In summary, we have provided, for the first time, 
valid and measurement bias-independent correction 
factors and normal values for variables obtained by 
manual saline tonometry in the human stomach. The 
study may improve comparability of results among 
centres and may widen the clinical acceptance of the 
technique. 
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Gastric tonometry: in vivo comparison of saline and air tonometry in 


patients with cardiogenic shock 


U. JANSSENS, J. GRAF, K. C. Kocu AND P. HANRATH 


Summary 

Measurement of gastric intramucosal pH (pHi) 
has been advocated to assess gastric perfusion. 
Regional! Fco, (rPco,) values are measured using 
saline tonometry (rsPco,) and more recently 
using air tonometry (raPco,). We compared 237 
measurements of saline and air tonometry in 19 
consecutive, severely ill patients (mean age 59 
(range 31-76) yr, 19 males, APACHE Il 22+7) with 
cardiogenic shock. Equilibration period was set 
to 90 min. Nineteen independent paired samples 
of mean raPco, and mean rsPco, of each patient 
showed good correlation (r=0.93, P<0.001). 
Mean raPco, was 6.5 (1.8) kPa and mean rsPco, 
6.8 (2.4) kPa. Pco, measured by saline was signif- 
icantly higher than that measured by air 
(P<0.05). Bland and Altman analysis showed a 
bias (mean rsPco,-mean raPco,) of 0.3 kPa and a 
precision of 1.2 kPa. Agreement between the two 
methods decreased with increasing rPco, con- 
centrations. Although air tonometry of rPco, is a 
promising technique, a systematic disagreement 
with saline tonometry at high rPco, values 
requires further investigation and cautious inter- 
pretation of these values. (Br. J. Anaesth. 1998; 
81: 676-680). 


Keywords. gastrointestinal tract, mucosal perfusion; gastro- 
intestinal tract, pH; measurement techniques, tonometry 


Gastric tonometry for estimation of intramucosal pH 
(pHi) in severely ill patients is becoming increasingly 
used in intensive care units. Low pHi is thought to 
indicate gastrointestinal ischaemia, identifying those 
patients at risk of developing complications attribut- 
able to mucosal disruption in critical illness. 
Determination of pHi has been used to guide treat- 
ment of critically ill patients’ and as a measure of out- 
come prediction.” The value of pHi in the mucosa is 
obtained indirectly by measuring the regional partial 
pressure of carbon dioxide (rPco,) in the lumen of 
the stomach with a saline-filled silicone balloon 
tonometer and the bicarbonate (HCO,) concentra- 
tion in arterial blood, and substituting these two val- 
ues in the Henderson—Hasselbalch equation.’ It is 
assumed that the HCO, concentration in the intra- 
cellular fluid of the tissue is in equilibrium with the 
HCO, concentration in mucosal capillary blood 
which is further presumed to be the concentration 
found in blood.‘ 

Until recently rPco, was determined by analysing 
saline from the tonometer balloon, a method sug- 
gested to be a source of several errors. Depending on 


design features of the blood-gas analyser, varying 
amounts of carbon dioxide are lost from the sample 
because of the low stability of carbon dioxide in 
saline before carbon dioxide analysis by the carbon 
dioxide electrode is completed.’ Differences in blood- 
gas analysers which indicate different Pco, values 
from identical samples may contribute to erroneous 
intramucosal pH values.’* Further, tonometry does 
not allow rapid assessment of rPco,. Because of these 
concerns a continuous air tonometric monitoring 
system was developed. 

In this study, we have compared the (semi-) auto- 
matic air tonometry method with conventional saline 
tonometry in critically ill patients in terms of accuracy 
and precision. 


Patients and methods 


The study was approved by the local Ethics 
Committee of the University Hospital of Aachen and 
conducted according to the principles of the Helsinki 
Declaration. 

We studied prospectively 19 consecutive patients 
(mean age 59 (31-76) yr, 19 males, APACHE II 22 + 7) 
admitted to the cardiology intensive care unit of the 
University Hospital of Aachen with cardiogenic 
shock. All patients were sedated and underwent 
mechanical ventilation. Therefore, informed consent 
was obtained from the closest relatives. Cardiogenic 
shock was caused by anterior myocardial infarction 
in 10 of 19 patients, posterior myocardial infarction 
in four of 19 patients, ischaemic cardiomyopathy in 
four of 19 patients and dilated cardiomyopathy in 
one patient. Eleven of the 19 patients (58%) died. 
Haemodynamic values of all patients before study 
entry are shown in table 1. No patient received 
enteral nutrition and famotidine 20 mg (Pepdul, 
MSD Chibropharm, München, Germany) was 
administered i.v. twice daily. 

Two gastric tonometer catheters (TRIP NGS 
catheter, Tonometric Division, Instrumentarium, 
Helsinki, Finland) were placed in the stomach via the 
nasogastric route. Correct placement of the tubes 
was verified radiologically. Measurements of rPco, 
were performed 90, 180 and 270 min after entry to 
the study and thereafter three times daily with saline 
(rsPco,) and air (raPco,) tonometry. The equilibra- 
tion period was 90 min for each measurement. The 
end of study was defined as removal of gastric 
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In vivo comparison of saline and air tonometry 


Table 1 Haemodynamic data (mean (sp)) of 19 patients with 
cardiogenic shock before study entry. PCWP=Pulmonary 
capillary wedge pressure 











Variable 

Cardiac index (litre min“ m°) 1.63 (0.27) 
Heart rate (beat” min) 126 (17) 
Systolic arterial pressure (mm Hg) 90 (11) 
Mean arterial pressure (mm Hg) 62 (1) 
Diastolic arterial pressure (mm Hg) 48 (7) 
PCWP (mm He) 20 (4) 


tonometers for clinical reasons (e.g. extubation) or if 
death occurred. Arterial blood-gas analysis was car- 
ried out simultaneously using a standard blood-gas 
analyser (ABL 505 blood gas analyser, Radiometer, 
Copenhagen, Denmark). 

An automated gas analyser (Ionocap TC 200, 
Tonometric Division, Instrumentarium, Helsinki, 
Finland) was connected to one of the gastric 
tonometer catheters. This monitor supplies the 
tonometer balloon with room air. The gas is held in 
the catheter balloon for a set period of time for diffu- 
sion to take place. This equilibration period may be 
predefined (10, 15, 30 or 60 min) or is set manually. 
With each measurement cycle, 6 ml of air are 
pumped into the balloon. A sample is then obtained 
automatically after the selected cycle period. The first 
1.2 ml, equivalent to the deadspace of the system, are 
discarded. Pco, is measured in the remainder with an 
infrared sensor. Using an internal nafion tube (used 
in the Tonocap) water vapour partial pressure of the 
probe equilibrates with the environmental water 
vapour partial pressure. The technology of the 
Tonocap in respect to management of different water 
vapour partial pressures is comparable with the stan- 
dard technique applied in other systems, such as 
capnography, where carbon dioxide is determined by 
infrared absorbance. 

pHi is calculated from arterial pH (pHa), arterial 
Pco, (Paco) and raPco,: 


pHi=pHatlog,,(Pa,,/raPsco,) 


The second tonometer balloon was primed follow- 
ing the manufacture’s guidelines and filled with 2.5 
mi of 0.9% saline. After 90° min of equilibration, 
anaerobic samples of the tonometer saline were 
obtained, discarding the deadspace volume of 1 ml. 
The saline samples were handled in capped syringes 
to avoid or minimize any possible equilibration with 
room air. All samples were analysed immediately and 
discarded if a delay during the sample process 
occurred. rsPco, was determined using the same 
blood-gas analyser as for arterial blood-gas analysis, 
and pHi was calculated: 


pHi=6.1+log,,(arterial HCO, /1.12x0.03xrsPco, 


The term 1.12 is a time-dependent equilibration fac- 
tor from in vitro studies where the tonometer was 
exposed for 290 min to a physiological saline solu- 
tion with a known Pco,, and “0.03” is the solubility 
coefficient of carbon dioxide in saline. 

Arterial HCO, is calculated by the blood-gas 
analyser: 


HCO, =0.23xPa,, xantilog(pH-pK) $ 
pK=6.125—log,,(1+antilog(pH-8.7) 
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All probes were analysed by the blood-gas analyser 
at 37°C and thereafter corrected for the patient’s 
actual body temperature using internal software 
because Pco, in a saline sample which is kept anaero- 
bic changes with temperature; the equation used for 
internal temperature correction, according to the 
manufacturer’s handbook was: 


Pco,(temp)=Pco,(37°C)x10° rtro 


Statistical analysis was with a microcomputer 
using the Statistical Package for the Social Sciences 
(SPSS, SPSS Inc., Chicago, IL, USA). All data are 
given as mean (sp). The Wilcoxon signed rank test 
and Pearson’s correlation coefficient were performed 
with pooled data. Simple linear regression analysis 
was applied to each patient’s mean rsPco, and raPco, 
values. Agreement between saline samples and 
Tonocap measurements were analysed according to 
the method of Bland and Altman. Bias is the mean 
difference between rsPco, and raPco, and precision 
the sp of the differences. 


Results 


We obtained 237 paired samples (table 2). Mean 
duration of tonometry was 77 (49) h. We did not 
observe any complication associated with the two 
tonometer probes (e.g. nasopharyngeal injuries, 
oesophageal or gastric bleeding). Mean air Pco, was 
6.5 (1.8) kPa and mean saline Pco, 6.8 (2.4) kPa. 

There were no negative Pco, differences in either 
saline tonometry (rsPco,—Pa,, =2.3 (2.3) kPa) or in 
air tonometry (raPco,-Pa,,=1.9 (1.6) kPa). Pco, 
values from both methods were highly correlated 
(n=19, Pearson’s 1r=0.93; P<0.0001 (two-tailed)). 
Figure 1 shows regression analysis of each patients’s 
mean raPco, and rsPco, values. Pco, measured by 
saline tonometry was significantly higher than that 
from the Tonocap (P< 0.05 (two-tailed)). Mean pHi 
calculated from the Tonocap was 7.29 (0.11) while 
with the saline method it was 7.20 (0.12). A Bland 
and Altman plot showed a bias of 0.3 kPa and a 
precision of 1.2 kPa (fig. 2). 

Agreement between the two methods decreased at 
greater rPco, values. Using an arbitrary difference of 
7.3 kPa, paired samples with rsPco, values greater 
than 7.3 kPa had a bias of 1.2 kPa and a precision of 
1.8 kPa. Below 7.3 kPa, bias was —0.04 kPa and 
precision was 0.7 kPa (fig. 3). 


Table2 Pooled data of 237 paired samples of air tonometry 
(raPco,) and saline tonometry (raPco,). Paco =arterial carbon 
dioxide, raPco,-Pa,, =carbon dioxide difference between regional 
carbon dioxide obtained by saline tonometry and arterial carbon 
diomde, raPco,— =carbon dioxde difference between regional 
carbon dioxide obtained by air tonometry and arterial carbon 
diomde 


Variable 

(kPa) 4.7 (0.7) 
HCO, (mmol htre™) 22.2 (3.2) 
Arterial pH 7.42 (0.05) 
raPco, (kPa) 6.8 (2.4) 
raPco, (kPa) 6.5 (1.8) 
pHi... 7.20 (0.12) 
pHi, 7.29 (0.11) 
raPCo,—Paco, (kPa) 2.3 (2.3) 
raPco,-Pa.o, (kPa) 1.9 (1.6) 
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Figure 1 Scatter plot showing relationship between mean 
regional Pco, (cPco,) obtained by air tonometry (raPco,) and 
saline tonometry (raPco,) in 19 patients. Solid line=regression 
hne; broken line=95% confidence interval around the regression 
line. ’=coefficient of determination. 
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Figure 2 Bland and Altman analysis of regional Pco, (rPco,) 
obtained by air tonometry (raPco,) and saline tonometry (raPco,) 
with a 90-min cycle time. Bias=mean difference between rePco, 
and raPco, and precision=sp of the differences. n=Number of 
paired samples 


Discussion 


Indirect estimation of gut wall intramucosal pH was 
popularized by the work of Fiddian-Green and co- 
workers who promoted this technique for the early 
detection of splanchnic ischaemia.” Tonometry has 
been proposed to predict mortality and morbid- 
ity,” provide a target in goal-directed therapy’ and 
to gauge therapeutic efficacy on splanchnic per- 
fusion. ™™" Nevertheless, it remains a research 
method rather than a routine technique in the criti- 
cally ill patient. 

Until recently, tonometry was performed using 
0.9% saline. Several authors have suggested the 
potential hazards, namely underestimation of Pco, 
by different blood-gas analysers and hence overesti- 
mation of pHi.** This bias is caused by a low stability 
of carbon dioxide in saline. Thus different construc- 
tions of blood-gas analysers can cause different car- 
bon dioxide losses from the sample before it reaches 
the measuring electrode.” The ABL 505 blood-gas 
analyser, which was used in our study, gives only 
minor underestimation of saline Pco, after equilibra- 
tion with different gas mixtures compared with five 
other systems.” Substituting a phosphate-buffered’ ” 
or colloid” solution for saline may improve Pco, 
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measurements in blood-gas analysers. However, the 
higher carbon dioxide-binding capacity of the buffer 
prolongs the equilibration time between tissue and 
sample carbon dioxide. Therefore, the ability of the 
saline method to detect rapid changes in regional car- 
bon dioxide is not improved and remains a problem. 

Moreover, saline tonometry is subject to several 
errors from variation in sample handling and time 
delay.” The development of air tonometry provides 
the clinician with a feasible technique without the 
aforementioned limitations. 

In our study, saline and air tonometry showed a 
good correlation. We chose a cycle time of 90 min to 
ensure a steady state between Pco, in the mucosa 
and in the saline filled tonometer balloon. To ensure 
comparability, the cycle time of the Tonocap device 
was set to 90 min also, although an equilibration time 
of 10 min may be sufficient for air tonometry.” ” 
Saline tonometry seems to overestimate rPco, after 
an equilibration period of 90 min as shown by the 
bias of 0.3 KPa. So far there are no data on rPco, val- 
ues obtained by saline tonometry commensurable 
with air tonometry at 90 min. Creteur, De Backer 
and Vincent found a bias of 0.5 kPa in 84 paired mea- 
surements at 30 min” and Heinonen and colleagues 
found a bias of 0.2 kPa in a small number of 
14 paired rPco, determinations at 60 min.” 
Overestimation of rPco, by saline in our study was 
attributable predominantly to 61 measurements of 
high rPco, values greater than 7.3 kPa (fig. 3a, B), 
which were detected in 16 of 19 patients. Excluding 
these values, a small bias of —0.04 kPa with an 
acceptable precision of 0.7 kPa were found. 
Therefore, high regional Pco, concentrations are 
subject to inappropriate overestimation by saline 
tonometry. 

In vitro air tonometry with the Tonocap, performed 
in a gas chamber fully saturated with five different 
carbon dioxide concentrations, showed comparable 
Pco, values except for the first 10-min cycle,” but 
these authors did not give bias and precision values 
from their in vitro experiments. Recently, Creteur, De 
Backer and Vincent reported on their in vitro valida- 
tion studies for air and saline tonometry.” For an 
equilibration time of 10 min at a water bath Pco, 
concentration of 5.3 kPa, air tonometry gave a bias of 
—0.04 kPa and a precision of 0.09 kPa, whereas bias 
and precision of saline tonometry were —0.9 kPa and 
0.4 kPa, respectively. Increasing the equilibration 
time of the Tonocap did not improve the precision or 
decrease the bias.” Their in vitro experiments further 
support the conclusion that equilibration times of 30 
min cannot be recommended for saline tonometry. 
Thirty minutes after increasing the water bath Pco, 
concentration from 5.3 to 10.7 kPa, Pco, measured 
by saline and air tonometry was 7.3 (0.3) kPa and 
10.8 (0.1) kPa, respectively. Taken together with our 
results, comparison of both methods at different 
cycle times must be interpreted with caution. 
Equilibration periods of less than 30 min inevitably 
underestimate rPco, determined by saline tonome- 
try. Moreover, long cycle times 290 min may fail to 
detect rapid changes in rPco, by saline tonometry. As 
yet there is no explanation for overestimation of 
rPco, by saline tonometry compared with air tono- 
metry at high rPco, concentrations. Neglecting high 
saline rPco, values eliminated this presumed error in 
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Figure 3 Bland and Altman analysis of regional Pco, (rPco,) obtained by air tonometry (raPco,) and saline tonometry 
(rsPco,) with a 90-mun cycle tme for 19 patients divided into paired samples with rsPco, greater than 7 3 kPa (a) and 
less than 7 3 kPa (B), respectively Note that individual patient points are displayed separately and number of 
measurements per patient (7n) are displayed. Bias=mean difference between raPco, and rsPco, and precision=sp of the 


differences. #=Number of pared samples 


measurement (fig. 3). Further in vitro studies should 
aim to elucidate this discrepancy between the meth- 
ods at high rPco, levels. 

There are no published data on differences 
between the behaviour of saline and blood in blood- 
gas analysers at different temperatures. Although we 
corrected Pco, for patient temperature using the 
internal software of the blood-gas analyser, it should 
be emphasized that the equation provided by the 
manufacturer does not apply directly to saline, and 
may result in a systematic error. 

When computing pHi from rsPco, and raPco,, 
mean pHi showed a mean difference of 0.09 
although mean rsPco, differed by only 0.3 kPa from 
mean rsPco,. This is mainly attributable to the two 
different formulae applied for calculation pHi. Saline 
tonometry uses arterial HCO3, which is calculated 
automatically by the blood-gas analyser from arterial 
pH and Pago, ) whereas air tonometry computes pHi 
making use of arterial pH and Paso Further, the 
equilibration time dependent factor a and the solubil- 
ity coefficient in the saline tonometry equation may 
add to a systematic bias in computing pHi by both 
methods thus causing a higher pHi calculated using 


air tonometry. Assuming equal rPco, concentrations 
measured by saline and air tonometry and a constant 
equilibration time in saline tonometry, the difference 
in pHi is governed exclusively by arterial pH and may 
range from 0.06 at a given arterial pH of 6.8, to 0.03 
at a given arterial pH of 7.6 

Our study population consisted of severely ill 
patients in cardiogenic shock with a mortality of 58%. 
Concordantly pooled data of rPco,—Pa,,, difference 
as an index of gut ischaemia were remarkably high 
(table 2) suggesting severe local tissue dysoxia. We did 
not assess rPco, and pHi as predictors of morbidity 
and mortality in our investigation. However, several 
studies have shown that pHi values have prognostic 
value after both cardiac and major vascular surgery 
and also in general critical care patients.’ “° *”” 
Normal values for pHi and the rPco,—Pa,,, difference 
have not been established so far. Air tonometry offers 
potential measurement of Pco, values with less 
sources of errors than saline tonometry, and may 
allow early recognition of splanchnic ischaemia. 
Future research may focus on this method to assess 
rPco,, pHi and rPco,-Pa,,, indices of gastric oxy- 
genation and predictors of mortality. Furthermore, 
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therapeutic interventions to improve oxygen delivery 
may be judged more quickly and accurately than that 
with saline tonometry. 

In summary, we found a good correlation between 
air tonometry and saline tonometry. Overestimation 
of rPco, at high regional carbon dioxide concentra- 
tions by saline tonometry compared with air tono- 
metry remains unexplained and requires (in vitro) 
further investigation. Air tonometry may become the 
standard means of assessing rPco,. Discrepancies 
- from saline tonometry, particularly at high Pco, con- 
centrations, should lead the clinician to interpret 
these values with caution. 
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Summary 

Airway closure and the formation of atelectasis 
have been proposed as important contributors 
to impairment of gas exchange during general 
anaesthesia. We have elucidated the relation- 
ships between each of these two mechanisms 
and gas exchange. We studied 35 adults with 
healthy lungs, undergoing elective surgery. 
Airway closure was measured using the foreign 
gas bolus technique, atelectasis was estimated 
by analysis of computed x-ray tomography, and 
ventilation-perfusion distribution (Va/Q) was 
assessed by the multiple inert gas elimination 
technique. The difference between closing vol- 
ume and expiratory reserve volume (CV-—ERV) 
increased from the awake to the anaesthetized 
state. Linear correlations were found between 
atelectasis and shunt (r=0.68, P<0.001), and 
between CV-ERV and the amount of perfusion to 
poorly ventilated lung units ("low Va/Q”, r=0.57, 
P=0.001). Taken together, the amount of atelecta- 
sis and airway closure may explain 75% of the 
deterioration in Pa,. There was no significant 
correlation between CV-ERV and atelectasis. We 
conclude that in anaesthetized adults with 
healthy lungs, undergoing mechanical ventila- 
tion, both airway closure and atelectasis con- 
tributed to impairment of gas exchange. 
Atelectasis and airway closure do not seem to 
be closely related. (Br. J. Anaesth. 1998; 81: 
681-686). 


Keywords: anaesthesia, general; airway, pressure; lung, 
atelectasis; lung, gas exchange; ventilation, ventilation—per- 
fusion 


Impairment of gas exchange during general anaes- 
thesia with mechanical ventilation is a well known 
finding.'*In several recent investigations, the forma- 
tion of atelectasis with subsequent pulmonary shunt- 
ing was shown to be related to impairment of gas 
exchange. * In addition to shunt, ventilation- 
perfusion (VA/Q) mismatch and perfusion to lung 
units with poor ventilation in relation to their 
respective perfusion (“low VA/Q”) have been demon- 
strated during anaesthesia.‘ This low VA/QO increases 
with age.’ Thus poorly ventilated lung units con- 
tribute more to impairment of gas exchange in older 
patients compared with younger ones. The cause of 
low VA/Q is not clear. One possibility is airway clo- 
sure. It was demonstrated initially in awake subjects’ 
and has been shown to increase in magnitude with 


age.” It has also been shown in anaesthetized sub- 
jects," but its extent and influence on gas exchange 
have not been fully agreed upon. Airway closure 
occurs during deep expiration, beginning in the 
dependent lung regions. If closure (or marked nar- 
rowing, see also below) of airways occurs during a 
normal breath (i.e. above functional residual capa- 
city), ventilation in affected lung regions is impaired, 
and this should result in a VA/Q mismatch with low 
Va/O. By combining measurements of airway clo- 
sure, atelectasis and V4/Q distribution, further 
insight into the mechanisms of impairment of gas 
exchange may be obtained. 

Therefore, in this study, we have elucidated the 
relationships between airway closure, atelectasis, 
W/O distribution and impaired oxygenation during 
general anaesthesia with mechanical ventilation. 


Patients and methods 


A total of 35 patients were included in the study 
(table 1). Another 14 patients refused to participate 
(i.e. refusal rate of 29%). No patient had cardiac or 
pulmonary disease on the basis of history and clinical 
examination. Some data from the same patients 
(concerning atelectasis and gas exchange) have been 
presented previously.” "* The study was approved by 
the Ethics Committee of the University Hospital of 
Uppsala, Sweden and informed consent was 
obtained from each subject. 

In awake patients, measurements were obtained with 
the subject lying supine on the CT table and breathing 
air. Computed tomography of the lungs was per- 
formed, and ventilation—perfusion distribution and air- 
way closure were measured. Anaesthesia was induced, 
and all measurements were repeated after a minimum 
of 20 min of anaesthesia (see below). Finally, the 
patient was moved from the x-ray department to the 
operating theatre to undergo surgery. 

Details of the anaesthetic have been described pre- 
viously.” ™* Before induction, all patients received 
atropine 0.5 mg i.v. Anaesthesia was induced with 
fentanyl 1-2 ug kg’ and propofol 2 mg kg” i.v., 
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Table 1 Patient characteristics (mean (sp), median [range] or 
number). BMI= Body mass index calculated as weightxheight” 


Mean (sp) Median [range] 
Sex (M/F) 20/15 
Non-smoker/smoker 30/5 
Age (yr) 45 (11) 48 [19-66] 
Weight (kg) 79 (14) 79 [53-103] 
Height (cm) 173 (8.6) 175 [160-195] 
BMI (kg mô) 26.0 (3.5) 26.3 [18.3-33.2] 


followed by a continuous infusion of propofol 4-8 mg 
kg’ h“. The dose of these drugs was adjusted accord- 
ing to clinical signs of depth of anaesthesia (arterial 
pressure and heart rate). During induction, the lungs 
were ventilated manually via a face mask with 100% 
oxygen. To facilitate orotracheal intubation, patients 
received pancuronium 0.1 mg kg’; additional doses 
of 1-2 mg were given when needed. The lungs were 
ventilated mechanically at a rate of 10 bpm with 40% 
oxygen in nitrogen (Servo Ventilator 900C, Siemens 
Elema AB, Solna, Sweden). No positive end-expira- 
tory pressure was used. Tidal volume was adjusted to 
maintain an end-tidal carbon dioxide concentration 
of approximately 4% (CO, analyser Eliza, Datex- 
Engstrém, Helsinki, Finland). The resulting tidal vol- 
ume was 9+1 ml kg”. 

The electrocardiogram, arterial pressure (Riva- 
Rocci method) and peripheral arterial oxygen satura- 
tion (pulse oximetry: Biox 3740, Ohmeda, Louisville 
CO, USA) were monitored throughout the study. 


CLOSING VOLUME 


Closing volume (CV) was measured using the for- 
eign gas bolus technique, with helium as the tracer 
gas.”° A specially designed device, including a Fleisch 
pneumotachograph, flow-integrator, and helium 
dosing and measuring unit was used (Hebotest 
Godart, Einthoven, Netherlands). Details of this 
equipment have been described previously.” With 
the conscious, supine subject breathing air, spiro- 
metry values of a few normal breaths were recorded 
first. Starting from maximal expiration (residual vol- 
ume, RV) the subject was asked to inspire maximally 
until vital capacity (VC). During the initial phase of 
this inspiration, a bolus dose (300 ml) of helium was 
added to the inspired gas. During the subsequent 
expiration, the concentration of helium in the 
expired gas was plotted against expired volume on an 
X-Y recorder (Model 50000, Bryans, Mitcham, 
UR). Both maximal inspiration and expiration were 
made at a rate of approximately 0.5 litre s`”. The 
onset of phase IV on the helium concentration curve 
was taken as onset of airway closure, and the volume 
expired during phase IV to RV was defined as CV. 
Note that CV—-ERV (expiratory reserve volume) is 
the volume above functional residual capacity (FRC) 
where airway closure starts (see also comments on 
methodology below). If CV-ERV is a negative num- 
ber, onset of airway closure is below FRC. Two or 
more measurements were made to obtain a mini- 
mum of two acceptable curves (even flow during 
inspiration and expiration, inspired and expired vol- 
ume equal within 5%). 

In the anaesthetized subject, a 7 L syringe was used 
for manual ventilation of the lungs during measure- 
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ments. The lungs were deflated to an airway pressure 
(Paw) of -15 cm H,O, a level considered to reflect 
RV. After automatic injection of the helium bolus, the 
lungs were inflated to a Paw of 40 cm H,O and imme- 
diately deflated at a constant flow rate of approxi- 
mately 0.5 litre s’ to RV. Paw was measured using a 
manometer (BOC Ohmeda, Louisville CO, USA) 
attached to the tracheal tube. Inflation up to 40 cm 
FLO was taken to represent total lung capacity and 
VC was taken as the volume between this inflation 
and the assumed RV. Further analysis of CV was per- 
formed analogous to the procedure in awake subjects. 

The mean of 2-3 readings of ERV, CV and VC 
were used for further statistical analysis. CV was 
expressed as volume (ml) and as percentage of 
expired VC (%VC)."° To test if the reproducibility of 
the CV measurement was affected by recruitment of 
atelectasis by the VC manoeuvre, the difference 
between the first and subsequent measurements of 
airway closure during general anaesthesia were com- 
pared with the amount of atelectasis. Only patients 
with more than 5 cm’ of atelectasis (see below) were 
included in this analysis. 

Further, the predicted VC (dependent on age, sex 
and height) for awake subjects was calculated 
according to Cotes.” 


COMPUTED TOMOGRAPHY OF THE LUNGS 


Atelectasis was studied by computed x-ray tomogra- 
phy (Somatom plus, Siemens, München, Germany) 
and has been described previously.” ° Subjects were 
in the supine position with their arms above the head. 
A frontal scout view, covering the chest, and a CT 
scan in the transverse plane, 1 cm above the top of the 
right diaphragm, were obtained at end-expiration 
(FRC), in the awake subject and after induction of 
anaesthesia. Scan time was 1 s, and slice thickness was 
8 mm. With a matrix of 512x512, the resulting picture 
element (pixel) was approximately 1.5x1.5 mm. 

To identify atelectasis, a magnified image of the 
dorsal portion of the CT scan of both the right and 
left lung was made. The dorsal border between the 
thoracic wall and the dense areas was drawn manu- 
ally, whereas the ventral border between inflated lung 
tissue and atelectasis was identified by the region-of- 
interest (ROI) program. All pixels with attenuation 
values between —100 and +100 Hounsfield units 
(HU) were considered to represent atelectatic lung 
tissue.” For the logarithmic transformation (see 
results below), the smallest possible value of atelecta- 
sis was assumed to be 0.1 cm’. This value represents 
the smallest amount that can reasonably be mea- 
sured by CT. 


VENTILATION—PERFUSION DISTRIBUTION AND BLOOD-GAS 
ANALYSIS 


Ventilation-perfusion distribution (VA/Q) was 
assessed using the multiple inert gas elimination tech- 
nique.” ” This method is based on the elimination 
and retention of a number of “inert” gases (usually 
six). Because pulmonary artery catheters were not 
acceptable for this study, a simplified method was 
applied, with measurements of inert gases in arterial 
blood and mixed expired air.” Using the Fick princi- 
ple, cardiac output was estimated from oxygen con- 
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Figure 1 Box and whisker plots of lung volume measurements in awake and anaesthetized subjects. The box indicates the range between 
the 25th and 75th percentiles, the line marks the 50th percentile. Capped bars (whiskers) indicate the 10th and 90th percentiles and data 
outside these bars are shown as dots. For details on measurements, see text. A. VC=vital capacity, ERV=expiratory reserve volume and 
CV=closing volume. B: Consecutive measurements of CV (%VC) in awake and anaesthetized, supine subjects. Note that there was no 
difference between the first and third measurements, either awake or during anaesthesia. 


sumption, assuming an arteriovenous oxygen content 
difference of 50 ml litre’ blood, and mixed venous 
inert gas concentrations were then computed using 
mass balance principles.” Approximation of cardiac 
output was imprecise but it has been shown that 
indices of VA/Q mismatch remain essentially unaf- 
fected by such uncertainties.” Further, shunt and low 
VA/Q may be estimated with reasonable accuracy. * 

In brief, isotonic saline with a mixture of six inert 
gases (sulphur hexafluoride, ethane, cyclopropane, 
enflurane, diethyl ether and acetone) was infused 
continuously into a peripheral vein. Under steady 
state conditions, arterial blood and mixed expired 
gas samples were collected in duplicate for subse- 
quent analysis by gas chromatography (Hewlett 
Packard Gas Chromatograph 5880A and 5890, Palo 
Alto CA, USA). By mathematical analysis of the 
inert gas data, each VA/Q distribution was recovered 
in a 50-compartment model and the result with the 
best fit of data (smallest remaining sum of squares, 
RSS) of each pair of duplicate samples was used for 
further statistical analysis. Intrapulmonary shunt was 
defined as the fraction of total blood flow perfusing 
lung units with VA/Q <0.005, and low VA/Q (=lung 
units with poor ventilation in relation to their perfu- 
sion) was defined as the fraction of total blood perfu- 
sion to lung units with 0.005<VA/O<0.1. Log SDQ 
was calculated as the sp value of the logarithmic dis- 
tribution of perfusion. This value is a measure of dis- 
persion of blood flow distribution. 

Blood-gas measurements were performed using a 
standard technique (ABL 300 Radiometer, Copen- 
hagen, Denmark). 


STATISTICAL ANALYSIS 


Unless otherwise stated, mean (sD) values are pre- 
sented. In addition, 95% confidence intervals (95% 
CI) are given where appropriate. To compare data 
between awake and anaesthetized subjects, the paired 
sample t test was used. The Pearson correlation coeffi- 
cient was used to describe relationships between two 
different variables. To analyse relationships between 


Table 2 Lung volume measurement, computed tomography of 
the lungs and gas exchange (mean (sD)) (see text for details). 
VC=Vital capacity; CV=closing volume, ERV=expiratory reserve 
volume; Atelectasis=dense areas (-100 to +100 HU), measured in 
a transverse CT scan at the dome of the right diaphragm; Thoracic 
area=crose-sectional chest area, measured in the same scan as 
atelectasis (for details see text); Fi, =fraction of inspired oxygen; 
Pa, , Paco =arterial parual pressure of oxygen and carbon dioxide, 
respecuvely; Shunt=VA/O <0.005; low A/Q=0.005<WWO<0 I, 
log SDQ=sp of logarithmic distmbution of perfusion; 
COest.=esnmated cardiac output (see text) 


Awake Anaesthenzed P 
VC (ml) 3800 (1010) 3680(1010) 02 
ERV (ml) 650 (390) 300 (210) <0.001 
CV (ml) 980 (290) 870 (260) 0 034 
CV (% YC) 25.9 (5 6) 24.1 (5.3) 009 
CV-ERV (ml) 330 (410) 570 (290) 0.002 
Atelectasis (cm2) 0.0 (0.0) 7.1 (6.6) <0.001 
Thoracic area (cm2) 347 (63) 325 (56) <0 001 
Fio, 0.21 0.40 - 
Pag, (kPa) 12.5 (2 2) 19.8 (6.9) — 
Paco, KPa) 5.2 (0.8) 4.5 (0 3) <0 001 
Shunt (% COest.) 0.1 (0.5) 6.5 (5 1) < 0.001 
Low P/Q (%COest.) 23 (3.3) 5.4 (8.7) 0016 
Log SDQ 0.76 (0.32) 1 08 (0 30) <0.001 
COest. (litre min") 4.8 (1.1) 3.8 (0.9) <0 001 


more than two variables, a stepwise multiple linear 
regression with analysis of residuals was performed. 
For all calculations, the SYSTAT 5.0 computer soft- 
ware package (SYSTAT, Evanston IL, USA) was used. 


Results 


AWAKE 


In awake, supine subjects, VC was 3800 (1010) mi. 
This corresponds to 89 (17) % of the predicted VC in 
sitting subjects.” There was no significant difference 
between the first and succeeding measurements of 
CV (fig. 1, right). Mean CV was 980 (290) ml or 
25.9 (5.6) % VC. The difference between CV and 
ERV (CV—ERV) was 330 (410) ml (range —1080 to 
910 ml) (table 2, fig. 1, left). 
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Figure2 Body constitution and airway closure during general 
anaesthesia with mechanical ventilation. BMI=Body mass index, a 
measure of body constitution. CV-ERV=closing volume- 
expiratory reserve volume. A linear regression line is shown: 
CV-ERV (ml)=-490+41xBMI (kg m^; r=0.49, P=0.003. 


CT scans revealed no atelectasis or other lung 
pathology. Data on gas exchange and ventilation~ 
perfusion distribution are given in table 2. 


GENERAL ANAESTHESIA 
Airway closure and atelectasis 


Mean VC in anaesthetized subjects was 3680 (1010) 
mi (fig. 1, left). This is equivalent to 98 (14) % of VC 
while awake. There was no increase in CV from the 
first to the second and third measurements (fig. 1, 
right). Mean CV was 870 (260) ml or 24.1 (5.3) % 
VC, and mean CV—ERV was 570 (290) ml (range 
90-1190 ml). Compared with awake, CV-—ERV 
increased by 250 (440) ml (95% CI 100-410 ml, 
P=0.002) (table 2). 

The relationship between airway closure and body 
constitution (BMJ) is presented in figure 2. The char- 
acteristics of the linear regression between airway 
closure and age are given in table 3. 


20 A 


4 
e 
pd è 





Shunt (% CO) 








e 
0 -4mo — =i a a T 1 

0 10 20 
Atelectasis (cm?) 


British Journal of Anaesthesia 


Table 3 Correlauon coefficients of Imear regressions between two 
variables during general anaesthesia (for definitions, see text) 


Variable r P 

Age us CV %VC 0.38 0.024 
Age us Log SDQ 0.45 0.008 
CV-ERV us Atelectasis 0.32 0.092 
CV-ERV us Low W/Q 0.57 0.001 
CV-ERV us Shunt + low V/O 0.63 < 0.001 
CV-ERV us Log SDQ 0.51 0.003 
Atelectasis us Shunt 0.68 < 0.001 


The mean amount of atelectasis at the base of the 
lungs was 7.1 (6.6) cm’ (mean and 95% CI, calcu- 
lated after logarithmic transformation: 3.4—-1.9-6.2 
cm’). There was no correlation between airway clo- 
sure and atelectasis (table 3). 


Ventilation-perfusion distribution and Pa, 

Data on ventilation—perfusion distribution and oxy- 
genation of arterial blood are given in table 2. There 
was a correlation between pulmonary shunt and 
atelectasis (fig. 3, left) and between airway closure 
(expressed as CV—ERV) and low VA/Q (table 3, fig. 3, 
right).The correlation coefficient r was slightly 
greater when total perfusion to lung units with either 
poor or no ventilation (low VA/Q+shunt) was related 
to airway closure (table 3). 

A linear correlation was found between Pay, on the 
one hand and shunt and perfusion to poorly venti- 
lated lung units (ow VA/Q) on the other (r=0.94, 
P<0.001). There also was a linear correlation 
between and airway closure (r=0.59, P<0.001). 
Adding atelectasis as a further variable to this analy- 
sis gave a greater correlation coefficient and therefore 
an increased coefficient of determination (^): 


Pag, (kPa)=29-2.9xIn (atelectasis (cm’)) 
—0.0085 (CV—ERV (ml)); 7=0.86, P<0.001. 


where Pa, =arterial partial pressure of oxygen, 
measured at Fi, =0.40, and In (atelectasis)=natural 
logarithm of atelectasis. 
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Figure 3a. Atelectasis and shunt during general anaesthesia with mechanical ventilanon. Atelectasis=amount of densities (+100 to -100 
HU) in a CT scan 1 cm above the dome of the right diaphragm (cm); shunt=perfusion to lung units with 0.005<VA/Q< 0.1; CO= cardiac 
output. A linear regression line is shown: shunt (% CO)=2.9+0.55xatelectasis (cm); r=0.68, P<0.001. 8: Airway closure and 
ventilation-perfusion distribution mismatch during general anaesthesia with mechanical ventilation. CV-ERV (see fig. 2), low 
Va/Q=perfusion to lung units with 0.005<VA/Q< 0.1; CO=cardiac output. A hnear regression line is shown: low Va/Q (% CO)= 


0.68+0.006x(CV-ERV (ml)); r=0.57, P=0.001. 
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Finally, 
stitution (B. 
(kPa)=53-0.1 6xage (yr)—1.0xBMI (kg m^) 
=0, A P=0.001. 


was also related to age and body con- 
5 resulting in the following equation: 


Discussion 


We have shown that impaired oxygenation during 
uneventful anaesthesia in patients with healthy lungs 
can be explained by shunt and perfusion to units 
with poor ventilation in relation to their perfusion 
(“low VaA/Q”). The results also suggest that airway 
closure is a likely mechanism of low Va/O during 
anaesthesia. Atelectasis is associated with shunt, as 
proposed in earlier investigations’ * and confirmed in 
this study. Together, atelectasis and airway closure 
can explain 75% of the impairment of arterial oxy- 
genation.’ 


COMMENTS ON METHODOLOGY 


Measurements of lung volumes, both in awake and 
anaesthetized subjects, yielded results similar to pre- 
vious investigations.” “The difference from predicted 
VC in the awake subject” may be explained by differ- 
ences in body position (supine vs sitting). 

Estimation of airway closure is based on either a 
resident gas technique (nitrogen washout) or a for- 
eign gas bolus technique. A steep increase in the gas 
concentration at the end of expiration from VC 
(termed onset of phase IV) is considered to indicate 
an abrupt increase in the amount of airway closure in 
dependent regions of the lung.’ Accordingly, the vol- 
ume above RV at which phase IV begins is termed 
CV. Despite the fact that the term “airway closure” 
might suggest a single clearly defined event, it should 
be remembered that a certain amount of airway clo- 
sure may exist before the onset of phase IV.” Further, 
a marked increase in airway resistance™” or flow lim- 
itation” may contribute to the onset of phase IV. 
Despite these limitations, strong evidence exists for 
the occurrence of true airway closure, although it 
may not be the sole mechanism responsible for the 
onset of phase IV (for a detailed review see Rehder”). 

For measurement of airway closure in anaes- 
thetized subjects, the foreign gas bolus technique is 
more appropriate than the nitrogen washout tech- 
nique because of less dependency on the vertical 
lung volume gradient“ and on variations in the 
inspiratory manoeuvre.” Further, rapid onset of 
absorption atelectasis* may interfere with CV 
measurements if the VC manoeuvre is performed 
with 100% oxygen, as used in the nitrogen washout 


technique. In our investigation, using the foreign gas . 


(helium) bolus technique and room air for the VC 
manoeuvre, there was no obvious relationship 
between amount of atelectasis and variability 
between the two or three measurements of CV dur- 
ing general anaesthesia. This agrees with the finding 
that previously collapsed lung tissue is reopened 
within the first few seconds of a VC manoeuvre 
(Neumann and colleagues, unpublished observa- 
tions) and with the fact that most of the re-expanded 
lung tissue remains aerated for more than 40 min if 
air is used for the VC manoeuvre and if the lungs are 
ventilated with 40% oxygen in nitrogen thereafter.” 
Lung tissue, re-opened during the initial phase of the 
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first measurement procedure, is accessible and thus 
is included during all subsequent measurements of 
airway closure. 


AIRWAY CLOSURE 


The significant increase in airway closure (expressed 
as CV-ERV) from awake to anaesthesia confirms 
earlier investigations,’ © but some studies found no 
difference in CV—ERV between the awake state and 
anaesthesia.” Appropriate explanations for these dif- 
ferent results are lacking. 

In anaesthetized subjects, there was a correlation 
between airway closure (CV—ERV) and body consti- 
tution, expressed as body mass index (BMI). Obese 
patients tended to have more airway closure during 
anaesthesia, and airway closure was greater in older 
patients, which is similar to findings in conscious 
subjects.’ 


AIRWAY CLOSURE, ATELECTASIS AND GAS EXCHANGE 


Pulmonary shunt was greater in anaesthetized sub- 
jects whose airway closure (although measured while 
awake) occurred above FRC.” Our data, with both 
variables measured in anaesthetized subjects, did not 
confirm such a close relationship between shunt and 
airway closure. However, there was a significant lin- 
ear correlation between airway closure (expressed as 
CV-ERV) and low VA/Q. Subjects with a larger CV 
above ERV (CV—-ERV) had greater perfusion to 
poorly ventilated lung units. There also was a linear 
correlation between airway closure and other mea- 
sures of ventilation—perfusion distribution mismatch 
(og SDQ or low VA/O+shunt). These findings sug- 
gest that airway closure may reflect a major part of 
lung units subject to severe ventilation—perfusion 
mismatch. 

A correlation between airway closure and Pa, dur- 
ing general anaesthesia has been found previously.” ” 
These investigations concluded that airway closure 
contributed to pulmonary dysfunction, but may not 
be the most important mechanism." This was con- 
firmed by our investigation. Thus the more airway 
closure, the worse the oxygenation of arterial blood. 
Adding atelectasis to the linear regression equation 
markedly increased the correlation coefficient. Our 
data showed that 75% of the variation in Pa, was 
accounted for by atelectasis and airway closure.” If 
one considers the many other factors (e.g. cardiac 
pager: oxygen consumption) that may influence 

this agreement is quite high. Therefore, we con- 
fae that both atelectasis and airway closure are 
important determinants and may explain most of the 
impairment of gas exchange during general anaes- 
thesia in patients with healthy lungs undergoing 
mechanical ventilation. 

Based on the above findings, the “ideal patient”, 
with no atelectasis and no airway closure during nor- 
mal tidal breathing, will have an estimated Pay, of 36 
kPa at an Fig, of 0.4. This hypothetical value is in 
accordance with that described recently for subjects 
with no shunt and no VA/Q mismatch.” 

In summary, in adults with healthy lungs, both air- 
way closure and atelectasis contributed to impair- 
ment of gas exchange during general i.v. anaesthesia 
with mechanical ventilation. There was a close rela- 
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tionship between airway closure and disturbance of 
ventilation—perfusion distribution. Atelectasis and 
shunt impaired gas exchange, but the amount of 
atelectasis did not appear to be related closely to the 
amount of airway closure. Impairment of gas 
exchange was more pronounced in older and obese 
patients. 
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Correlating fibreoptic nasotracheal endoscopy performance and 


psychomotor aptitude 


A. K. DASHFIELD AND J. E. SMITH 


Summary 

We have investigated the correlation between 
the scores attained on computerized psychomet- 
ric tests, measuring psychomotor and informa- 
tion processing aptitudes, and learning fibreoptic 
endoscopy with the videoendoscope. Sixteen 
anaesthetic trainees performed two adaptive 
tracking tasks (ADTRACK 2 and ADTRACK 3) and 
one information management task (MAZE) from 
the MICROPAT testing system. They then 
embarked on a standardized fibreoptic training 
programme during which they performed 15 
supervised fibreoptic nasotracheal intubations on 
anaesthetized oral surgery patients. There was a 
significant correlation between the means of the 
15 endoscopy times and both ADTRACK 2 
(r=—0.599, P=0.014) and ADTRACK 3 (r=—0.589, 
P=0.016) scores. The correlation between the 
means of the 15 endoscopy times and MAZE 
scores was not significant. The ratios of the mean 
endoscopy time for the last seven endoscopies to 
the mean endoscopy time for the first seven 
endoscopies were not significantly correlated 
with ADTRACK 2, ADTRACK 3 or MAZE scores. 
Psychomotor abilities appeared to be determi- 
nants of trainees’ initial proficiency in endoscopy, 
but did not appear to be determinants of trainees’ 
rates of progress during early fibreoptic training. 
(Br. J. Anaesth. 1998; 81: 687-691). 


Keywords: intubation nasotracheal; intubation nasotracheal, 
training; anaesthetists, training; equipment, fibreoptic laryn- 
goscope 


Perceptual—motor skills involve the combination of 
perceptual, cognitive and motor abilities in a closed- 
loop system.’ First, sensory information is detected and 
assembled and passed on to the information processing 
stage. Here, decisions about appropriate responses are 
made and a motor programme is organized. This pro- 
gramme is effected by the motor system and the result- 
ing action generates response feedback which presents 
further sensory information for evaluation. 

Much psychological research has been directed 
towards the objective assessment of perceptual- 
motor abilities.” Abilities are inherited, stable and 
enduring aptitudes that an individual brings to the 
performance of his life tasks. There may be up to 50 
specific perceptual-motor abilities, ° such as spatial 
orientation, information comprehension, manual 
dexterity, etc. All individuals have all the abilities, but 
different individuals have different patterns of 
strengths and weaknesses in their abilities, as defined 


by their genetic make-up. Skill describes an individ- 
ual’s proficiency at a particular task that has devel- 
oped with and is modified by practice. An individual 
may acquire countless skills but each partcular skill 
is based on a specific combination of the relatively 
small number of fundamental abilities. Thus abilities 
underlie and are limiting factors of the individual’s 
skilled performance of a task.’” 

Microprocessor-controlled neuropsychological or 
psychometric tests have been developed to measure a 
range of perceptual-motor abilities. Psychometric tests 
may be classified according to the type of perceptual- 
motor ability they examine, for example perception, 
information management or psychomotor, although 
often there are no clear-cut distinctions and there is 
much overlapping.* Many psychometric tests have 
been validated as reliable predictors of technical skill 
performance and they appear to have practical appli- 
cations in personnel recruitment in many spheres of 
everyday life.” In the Armed Services, batteries of 
psychometric tests, in conjunction with personality 
questionnaires, curriculum vitae analyses and formal 
interviews are used to select candidates who are 
likely to be successful in pilot training.‘ ’ 
Psychomotor tests, for example adaptive tracking 
tasks, which measure eye-hand co-ordination, are 
particularly relevant here, but increasingly, as flying 
systems become more complex and aircrews need to 
monitor and control computer-based systems, infor- 
mation management ability is also expedient. In the 
UK, a fully automated selection testing system, 
MICROPAT (MICROcomputerized Personnel 
Aptitude Tester), which assesses both psychomotor 
and information management ability patterns, has 
been developed and validated.*’ 

In the field of anaesthesia, learning fibreoptic 
endoscopy demands that anaesthetists develop new 
types of practical skills. It may be that eye-hand 
co-ordination and other psychomotor abilities are 
among the primary aptitudes on which flexible 
endoscopy skills are based. However, there is no 
information on whether psychometric test scores can 
predict endoscopy skills. In this study, we have inves- 
tigated if there were significant correlations between 
the scores obtained by anaesthetic trainees on 
MICROPAT psychomotor and information manage- 
ment tests and the times taken for the trainees to per- 
form their first 15 fibreoptic nasotracheal endoscopies. 
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Subjects and methods 


The study was approved by the South Birmingham 
Local Research Ethics Committee. Sixteen consecutive 
anaesthetic trainees appointed to the Birmingham 
School of Anaesthesia who had no previous experience 
in fibreoptic techniques performed three computerized 
psychometric tests, ADTRACK 2 (AD2), ADTRACK 
3 (AD3) and MAZE from the MICROPAT testing 
system.’ The anaesthetic trainees were tested in the 
morning, having not been on duty the night before. 
Normal caffeine ingestion and tobacco consumption 
were allowed before psychometric testing and during 
fibreoptic training, as the training programme often 
took many days to complete and it may have been 
impractical to restrict the intake of these items during 
the whole of this period. None of the trainees were 
computer game enthusiasts. The trainees performed 
the MICROPAT tests with their dominant hand con- 
trolling the joystick (and they similarly held the 
fibrescope controls in the dominant hand when they 
embarked on the fibreoptic training programme). 

AD2 and AD3 are joystick-controlled, one-dimen- 
sional adaptive pursuit tracking tasks designed to test 
eye-hand co-ordination. Adaptive refers to the task 
becoming more difficult as the candidate’s perfor- 
mance improves. In AD2, the computer displayed a 
block surrounded by two bars. The computer moved 
the bars from side to side and the trainee was 
required to keep the block as close to the bars as pos- 
sible using the joystick. A number on the screen told 
the candidate how well he or she was doing. The low- 
est possible score was 1 and the highest, 17. AD3 is 
similar to AD2 except that the trainee could control 
the adaptation. The screen showed the current diffi- 
culty level and an indication of the amount of error in 
performance at that level. Difficulty level or adapta- 
tion was increased by pressing one key and decreased 
by pressing another. The adaptation increased 
automatically in AD2 and AD3 by speeding up the 
pursuit. In AD3, difficulty level could be increased 
further by making the trajectory less predictable. 

MAZE was designed to test information manage- 
ment abilities. Candidates were required to direct nine 
separate targets around a square maze on the com- 
puter screen until they reached the middle (home). 
The targets moved in straight lines and the operator 
had to tell them to turn corners by pushing a button. 
The targets set off at equally timed intervals, so that it 
was possible to have nine targets requiring direction at 
any one time. If a target failed to turn a corner and 
“crashed”, then that target was lost. The final score 
was calculated on the overall distance travelled by the 
targets. Full instructions were displayed on the screen 
for all tests so that no intervention by an instructor was 
required. Typical time for instructions, practice and 
testing for each of the three tests was 10 min. To avoid 
any possibility of bias, neither instructors nor trainees 
were made aware of any psychometric scores—all test 
data were stored on the computer hard disk and no 
scores were compiled until all trainees had completed 
their fibreoptic training programmes. 

Each anaesthetic trainee then embarked on a stan- 
dardized graduated fibreoptic training programme, 
described previously.’ Initially, the set-up of the 
videoendoscope system was demonstrated to the 
trainee, as were the fibrescope controls and the cor- 
rect way to manipulate the instrument. Trainees then 
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had a structured, video-controlled practice session 
on a bronchial tree model, after which they viewed a 
videotape recording showing details of airway 
anatomy and good endoscopy technique. Each 
trainee then performed 15 fibreoptic nasotracheal 
endoscopies and intubations with the video- 
endoscope under the supervision of an experienced 
trainer. Patients were ASA I or II, aged 16-70 yr, 
undergoing elective oral surgery requiring naso- 
tracheal intubation. 

Trainees were required to perform fibreoscopy 
only in patients who were expected to present uncom- 
plicated fibreoptic intubations. Hence patients were 
not obese, had no history of oesophageal reflux, no 
evidence of nasal obstruction and no significant 
abnormality of the airway. Electrocardiogram, indi- 
rect arterial pressure, arterial oxygen saturation and 
carbon dioxide concentrations were monitored and 
patients’ lungs were preoxygenated. Anaesthesia 
comprised glycopyrrolate, fentanyl, propofol and 
atracurium. The patient’s lungs were hyperventilated 
with isoflurane in oxygen using a face mask attached 
to a Bain breathing system, after which endoscopy 
was conducted in a standard manner. The trainee 
performed endoscopic anterior rhinoscopy in both 
nostrils, selected the most patent, moved the 
fibrescope forward either underneath or alongside 
the inferior turbinate, identified structures in the 
nasopharynx, then advanced the instrument through 
the pharynx, larynx and trachea to the carina. 
Finally, the tracheal tube was railroaded over the 
fibrescope which guided it into the trachea to com- 
plete the intubation. The importance of continually 
seeing the airway and identification of airway 
anatomy was emphasized. The instructor gave 
demonstrations, advice, feedback guidance and assis- 
tance as necessary. Videotape recordings of the first 
five endoscopies were made following General 
Medical Council guidelines, and were subsequently 
reviewed by trainee and instructor during a debrief- 
ing session. Endoscopy time was taken as the time 
required to move the fibrescope from the first nostril 
examined to the carina and was recorded for every 
intubation. 

The mean of each trainee’s 15 endoscopy times 
was paired with his or her AD2, AD3 and MAZE 
scores, and the correlation between endoscopy times 
and psychometric test scores were analysed using 
Pearson correlation coefficients and linear regres- 
sion. The mean times for the first seven endoscopies 
and last seven endoscopies and the ratios of the mean 
times for the last seven endoscopies to the mean 
times for the first seven endoscopies were also stud- 
ied. P<0.05 was considered statistically significant. 


Results 
Age, professional status and sex of the 16 trainees 
studied are given in table 1. 


Table 1 Age, status and sex distribution of the tramees (mean 
[range] or number) 


No ‘of 
Trainees Age (yr) Professional status Sex (M/F) 
16 30.06 [26-36] 7 Specialist Registrars 12/4 

9 Senior House Officers 
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Figure 1 Mean (95% confidence intervals) fibreoptic 


nasotracheal endoscopy times for the 15 endoscopies performed 
by the 16 trainees. 


All trainees improved with fibreoptic intubation 
practice and mean endoscopy times decreased pro- 
gressively during the first 15 endoscopies (fig. 1). 

There were significant correlations between mean 
endoscopy times for the 15 endoscopies and AD2 
scores (table 2, fig. 2) and AD3 scores (table 2, fig. 
3). Mean times for the first seven endoscopies (Nos 
1—7) and for the last seven endoscopies (Nos 9-15) 
were also significantly correlated with AD2 and AD3 
scores (table 2). Correlations between mean times 
for the 15 endoscopies, the first seven endoscopies 
and the last seven endoscopies and MAZE scores 
were not statistically significant (table 2, fig. 4). 

The rates at which individual trainees improved 
varied considerably. The ratios of mean endoscopy 
times for the last seven endoscopies to mean 
endoscopy times for the first seven endoscopies 
varied from 0.46 to 0.79 (table 2). However, 
improvement ratios were not significantly correlated 
with AD2, AD3 or MAZE scores (table 2). 

In order to minimize some of the effects resulting 
from trainees’ encountering patients’ airways of vary- 
ing degrees of difficulty, the statistical analyses were 
repeated on the data when each trainee’s fastest and 
slowest endoscopy times were omitted. Similar corre- 
lations to those above were found (table 3). 
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Figure 2 Association between the means of the first 15 fibreoptic 
nasotracheal endoscopy umes and AD2 scores. 


Discussion 


We have shown that there was a significant negative 
correlation between mear times required by anaes- 
thetic trainees to perform their first 15 fibreoptic 
endoscopies and scores on psychomotor tracking 
tests. This confirms the impression that manual 
dexterity, eye-hand co-ordination and other motor 
abilities are important determinants of an indi- 
vidual’s initial level of endoscopy skill and perfor- 
mance. However, there appeared to be no 
correlation between MAZE, an information process- 
ing test from the MICROPAT system, and 
endoscopy times. This suggests that the ability to 
process and use a sequence of fast-moving informa- 
tion, as tested by MAZE, is not a key aptitude when 
performing fibreoptic endoscopy. Further studies are 
required to determine the extent to which other 
information processing abilities are pertinent to 
fibreoscopy. MICROPAT embraces tests relevant to 
two of the three stages of Schmidt’s closed-loop 
model for perceptual-motor skills,’ but does not 
examine perception, the first stage. It is conceivable, 
however, that spatial orientation, complex visuo- 
spatial organization and other perceptual abilities are 
intimately involved in the skilful performance of 


Table 2 Correlations coefficients (r) between AD2, AD3, MAZE and fibreopuc nasotracheal endoscopy ume variables (for 15 endoscopies), 


*P<0.05 





Endoscopy time variable 


Meanofmeans Range of means 








Psychometric test r 





Mean endoscopy times for 15 endoscopies (8) 


Mean endoscopy umes for first 7 endoscopies (1-7) (8) 


Mean endoscopy times for last 7 endoscopies (9-15) (8) 


Ratios of mean endoscopy time for last 7 endoscopies (9-15) to 
mean endoscopy tume for first 7 endoscopies (1—7) 





86.3 66-122 AD2 —0 599* 
AD3 -0 589* 

MAZE —0 102 
106.1 72-140 AD2 -0 523* 
AD3 -0 530* 

MAZE —0 091 
68.2 48-108 AD2 —0.558* 
AD3 -0.530* 

MAZE -0 085 

0.64 0.46-0.79 AD2 -0 190 

AD3 -0.194 

MAZE -0.002 
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Figure 3 Association between the means of the first 15 fibreoptic 
nasotracheal endoscopy times and AD3 scores. 


fibreoptic endoscopy. Perceptual processing has been 
shown to be necessary for laparoscopic manipula- 
tions” and Schueneman and colleagues have demon- 
strated that perceptual and information processing 
abilities were more accurate predictors of operative 
skill among surgical residents than psychomotor 
aptitude." * Academic achievements, incidentally, 
were found not to correlate, or even to correlate n 
tively, with ical skill in Schueneman’s studies, |” 
as in others.” Sivarajan and colleagues studied 
anaesthetic residents as they learned spinal anaesthe- 
sia and also found that their academic knowledge of 
the technique did not correlate with their criterion- 
referenced clinical performance of it. 

It is important to note, however, that the rates at 
which trainees’ times improved during their first 15 
intubations were not significantly correlated with 
psychomotor scores. Hence, psychomotor abilities 
do not appear to be good predictors of the individ- 
ual’s rate of learning of fibreoptic skills during early 
training. One possible reason for this is that the study 
was designed to examine the initial stages of fibre- 
optic training, not the whole endoscopy learning 
process, There is evidence that the mean half-life for 
fibreoptic mnasotracheal endoscopy learning is 
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Figure 4 Association between the means of the first 15 fibreoptic 
nasotracheal endoscopy times and MAZE scores. 


approximately nine endoscopies,’ and this implies 
that the average trainee needs to perform at least 45 
endoscopies before he approaches his asymptote or 
“expert time,” when the learning process may be 
considered almost complete. Hence endoscopy 
records collected over a much longer period than in 
this study would be required to confirm or refute an 
association between psychomotor abilities and the 
rate of learning of fibreoscopy from novice to expert. 
When acquiring complex motor skills, beginners 
need first to go through the verbal—cognitive stage of 
learning.’ Here, the main concern is to analyse what 
needs to be done, explore different strategies and 
elaborate the most effective and efficient technique 
for performing the task. Hence cognitive abilities 
may be more important during the early stages of 
motor learning, and psychomotor abilities may 
become more relevant in later stages, when cognitive 
problems have been solved. 

MICROPAT psychomotor tracking tests were 
designed primarily as measures of eye—hand co-ordi- 
nation and control precision for the selection of UK 
Army Air Corps pilots.’ The initial validation study 
used a sample of 243 pilot trainees and found that 
the correlation coefficient between MICROPAT 


Table 3 Correlations coefficients (r) between AD2, AD3, MAZE and eee nasotracheal endoscopy time variables for 13 endoscopies 


(each trainee’s fastest and slowest times omitted). *P<0.05 
Endoscopy ume variable 


Mean endoscopy times for 13 endoscopies (8) 


Mean endoscopy times for first 6 endoscopies (1—6) (8) 


Mean endoscopy times for last 6 endoscopies (8-13) (8) 


Ratios of mean endoscopy time for last 6 endoscopies 
(8-13) to mean endoscopy time for first 6 endoscopies (1—6) 


Meanofmeans Range of means 


Psychometric test r 


83.2 66-121 AD2 ~0.577* 
AD3 ~0.560* 
MAZE ~0.128 
95.6 65-135 AD2 -0.499* 
AD3 --0.491* 
MAZE -0.148 
71.8 50-114 AD2 ~0.551* 
AD3 -0.516* 
MAZE -0.058 
0.75 0.53-0.97 AD2 ~0.148 
AD3 ~0.149 
MAZE -0.129 
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tests and the criterion task of pilotry was 0.57 and 
thus MICROPAT measured approximately 33% 
(Px100)'” of the abilities underlying pilotry skills. 
The correlation coefficients between MICROPAT 
psychomotor tests and early endoscopy performance 
found in our study were remarkably similar. Thus 
psychomotor abilities may account for up to one- 
third of the variations in early endoscopy perfor- 
mance. It necessarily follows that psychomotor 
aptitude is by no means the only factor required for 
success in fibreoptic endoscopy, nor is it necessarily 
the most important factor. Cognitive and perceptual 
abilities are also likely to be crucially important. It is 
also essential to be well motivated, to have a positive 
mental attitude and to be able to focus one’s atten- 
tion. It is important to learn an effective endoscopy 
technique and to receive quality feedback guidance 
from an experienced instructor. Hence there is no 
reason why a low psychomotor test score should dis- 
qualify an anaesthetist from fibreoptic training; all 
trainees should have the opportunity to receive 
instruction in this technique. 

Although none of the trainees in our study were 
computer games or arcade games devotees, most had 
access to personal computers and some recounted 
playing computer games on infrequent occasions 
while scholars or students. It is important to know if 
regular practice on such games significantly affects 
the scores obtained in psychometric tests. In general, 
it is believed that transfer between two similar skills 
tends to be small,’ and Harvey’ has stated that there 
are two reasons for this. First, skills that appear simi- 
lar are often based on different combinations of abili- 
ties. Second, practice at a skill reduces the proportion 
of variance that can be explained by specific motor 
abilities and increases the proportion of variance that 
is specific to the skill itself. Hence there is propor- 
tionately less of a highly practised skill that is avail- 
able for transfer. Instructors should thus be aware of 
the possibility that psychomotor scores achieved by 
computer games experts may, to a limited extent, 
reflect some transfer of learning, and this may also 
apply to trainees with other highly developed motor 
skills, for example experienced pilots or musical 
instrument players. There is no information on 
whether or not these skills are also correlated with 
fibreoptic endoscopy performance. 

Although it is not essential for a trainee to undergo 
psychometric tests before embarking on a fibreoptic 
training programme, there may sometimes be advan- 
tages in having an objective evaluation of the individ- 
ual’s psychomotor aptitude. The information could 
be fed back to the trainee, in a constructive manner, 


as knowing one’s strengths and weaknesses can pro- 
vide an effective tool for optimizing progress and per- 
sonal development. A particularly high psychomotor 
score might reinforce a recommendation for further 
endoscopy training. An awareness of an anaesthetist’s 
psychomotor abilities may help instructors to tailor 
training programmes more effectively for the individ- 
ual, for example by indicating which trainees may 
benefit from more extensive practice on airway simu- 
lators before embarking on treating patients. 
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Evaluation of routine tracheal extubation in children: inflating or 


suctioning technique? 


J. GUGLIELMINOTTI, I. CONSTANT AND I. MURAT 





Summary 

We studied prospectively the effects of the tech- 
nique of tracheal extubation on arterial haemo- 
globin oxygen saturation (Spa) in 120 ASA 
HIII children, mean age 5.3 (range 0.25-16.9) yr. 
At completion of surgery, tracheal extubation 
was performed when spontaneous ventilation 
had resumed, children were fully awake and Sp, 
was 99-100%. Children were allocated randomly 
to receive a single lung inflation manoeuvre with 
100% oxygen before tracheal extubation (group |; 
n=59) or to have the tracheal tube removed while 
applying suction through the tube (group S; 
n=61). Sp., was monitored during the first 5 min 
after tracheal extubation in the operating room. 
Supplementary oxygen was given if Sp, 
decreased to less than 92%. The time between 
tracheal extubation and decrease in Sp, to 92% 
(T92) was recorded. Children in group S required 
oxygen administration more frequently after tra- 
cheal extubation than those in group ! (65.6% vs 
45.8%; P=0.04), and had a three-fold shortening 
of T92 (mean 25 (sp 19) s vs 85 (63) s; P=0.0001). 
These effects were more pronounced in children 
less than 4 yr of age compared with older chil- 
dren. We conclude that tracheal extubation 
greatly impaired oxygenation and therefore 
administration of oxygen was appropriate. This 
impairment was more marked when suction was 
used, and in young children. Lung inflation with 
100% oxygen before removal of the tracheal tube 
is advised before routine tracheal extubation in 
children. (Br. J. Anaesth. 1998; 81: 692-695). 


Keywords: Intubation tracheal, extubation; anaesthesia, pae- 
diatric; hypoxaemia; lung, volume 


Hypoxaemia is the most frequently encountered res- 
piratory complication during emergence from anaes- 
thesia in children. Approximately 40% of children 
less than 4 yr old experience arterial haemoglobin 
oxygen desaturation to less than 90% within the first 
15 min after tracheal extubation,’ and approximately 
30% on arrival in the post-anaesthesia care unit 
(PACU).’ Tracheal extubation techniques may influ- 
ence the incidence of arterial haemoglobin oxygen 
desaturation during this period. Indeed, removal of 
the tracheal tube while children are still deeply 
anaesthetized reduces desaturation episodes com- 
pared with awake tracheal extubation.’ However, few 
studies have addressed the question of the influence 
of the tracheal tube removal technique itself. 


Mehta reported that a technique combining pha- 
ryngeal suctioning followed by insertion of a suction 
catheter into the tracheal tube and removal of it while 
applying a negative pressure through the suction 
catheter eliminated pulmonary aspiration of a radio- 
graphic dye placed on the back of the tongue.’ 
However, this technique may reduce lung volumes 
and oxygen stores, favouring arterial haemoglobin 
oxygen desaturation. These effects may be more pro- 
nounced in young children because of their reduced 
functional residual capacity (FRC) and high oxygen 
consumption.** As an alternative to a tracheal suc- 
tioning technique, a lung inflation manoeuvre with 
100% oxygen before cuff deflation and removal of 
the tracheal tube has been advocated.“ This tech- 
nique would theoretically maintain the patient with a 
clear airway (by expelling retained secretions by the 
positive pressure gradient created between the lungs 
and atmosphere) and the Jungs would be filled with 
oxygen. This inflation manoeuvre is now recom- 
mended in some anaesthesia textbooks’ for routine 
tracheal extubation but it has never received clinical 
evaluation in daily anaesthesia practice. In particular, 
its effects on arterial haemoglobin oxygen saturation 
after removal of the tracheal tube are unknown. 

Therefore, in this randomized, prospective, 
single-blind study, we assessed the effects of both 
extubation techniques (i.e. suctioning or inflating 
technique) on the frequency and onset of arterial 
haemoglobin oxygen desaturation after general 
anaesthesia in children, and the effects of age on the 
incidence of desaturation after tracheal extubation. 


Patients and methods 


After obtaining approval from our institute and 
informed consent from parents, we studied ASA 
J-I children undergoing elective surgery with gen- 
eral anaesthesia and orotracheal intubation. Patients 
with a full stomach, those undergoing thoracic surgi- 
cal procedures, emergency surgery or ENT surgery, 
and those in whom intubation was rated difficult 
(defined as the need for more than two laryngo- 
scopies) were excluded. No attempt was made to 
exclude children with upper respiratory tract infec- 
tions if they were considered eligible for general 
anaesthesia by the attending anaesthetist. 
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Evaluation of routine tracheal extubation in children 


All children received oral or intrarectal premedica- 
tion with midazolam 0.3-0.5 mg kg”. Administration 
of anaesthesia was left to the discretion of the attead- 
ing anaesthetist. Anaesthesia was induced «with 
propofol 3-5 mg kg” i.v. or inhaled sevoflurane 
according to the child’s age and preference. Tracheal 
intubation with a cuffed tube was performed with 
sevoflurane alone or after i.v. administration of 
atracurium 0.5 mg kg”. Anaesthesia was maintained 
with desflurane or isoflurane and 60% nitrous oxide 
in oxygen, supplemented with i.v. bolus doses of 
alfentanil or sufentanil. Ventilation was controlled 
mechanically. After completion of the surgical proce- 
dure, the inhaled anaesthetics and nitrous oxide were 
discontinued and the lungs ventilated with 100% 
oxygen. Tracheal and pharyngeal suctioning were 
performed while the children were still in the surgical 
plane of anaesthesia. After re-establishing sponta- 
neous ventilation, neuromuscular block was antago- 
nized with neostigmine 40 ug kg” and atropine 20 pg 
kg” if less than four responses were observed on TOF 
stimulation of the adductor pollicis muscle. The tra- 
chea was extubated when the child was responding to 
verbal command or was opening his (her) eyes, pro- 
vided that Sp, was 99-100%. 

The choice of extubation technique was random- 
ized on a daily basis. On odd days, the lungs received 
a single lung inflation manoeuvre with 100% oxygen 
before cuff deflation and removal of the tracheal rube 
(group I). On even days, a suction catheter was intro- 
duced into the tracheal tube until a resistance was 
met, the cuff was then deflated and the catheter was 
removed, together with the tracheal tube, while 
applying a negative pressure of -150 cm H,O (group 
S). The suction catheter was chosen so that its exter- 
nal diameter was half the internal diameter of the tra- 
cheal tube. After tracheal extubation, children were 
observed for 5 min in the operating room while 
breathing room air. Forward jaw displacement was 
allowed for alleviating airway obstruction if neces- 
sary, and pharyngeal suctioning was performed if 
retained secretions were suspected. Oxygen was 
given by face mask if arterial haemoglobin oxygen 
saturation decreased to less than 92%. After 5 min, 
children were transferred to the PACU, provided that 
Spo, was >97%. 

Arterial haemoglobin oxygen saturation (Spo) was 
monitored using an age-appropriate probe placed on 
the toe with a N-200 or N-250 Nelcor pulse oximeter 
adjusted to rapid update mode (mean integration 
time 2-3 s; accuracy +2% for 70-100%). Sp, was 
recorded for 5 min in the operating room by an inde- 
pendent observer. This observer was not involved in 
the extubation procedure but was aware of the extu- 
bation technique used. The time between tracheal 
extubation and Spy, to decrease to 92% (T92) was 
recorded, in addition to the occurrence of desatura- 
tion to less than 92%. 


STATISTICAL ANALYSIS 


Continuous data were compared using a two-sided 
t test and proportions with chi-square test. 
Kaplan—Meier analysis followed by the log-rank test 
was used to assess the effects of age on arterial 
haemoglobin oxygen desaturation after tracheal 
extubation. For this purpose, the population was 
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divided into two groups: those more than 4 yr of age 
and those less than 4 yr. The end-point for 
Kaplan—Meier analysis was defined as the ability of a 
child to sustain an Spo, equal to or greater than 92% 
(i.e. without supplementary oxygen administration) 
during the 5-min observation period in the operating 
room. P<0.05 was regarded as statistically signifi- 
cant. Data are expressed as mean (sD). 


Results 


We studied 120 children: 59 in the inflation group (1) 
and 61 in the suction group (S). Patient characteris- 
tics, anaesthetic technique and surgical procedures 
are presented in table 1. 

The incidence of arterial haemoglobin oxygen 
desaturation requiring oxygen administration (i.e. 
less than 92%) ın the operating room after tracheal 
extubation was significantly greater in group S com- 
pared with group I (table 2). Moreover, time to Spo, 
to decrease to 92% after tracheal extubation was 
nearly three-fold shorter in group S compared with 
group I. 

Kaplan—Meier survival curves are presented in fig- 
ure 1. They demonstrate that, irrespective of the tra- 
cheal extubation technique used, the percentage of 
children with Spo, 292% was greater in children aged 
more than 4 yr (m=60; 9.0 (3.9) yr) than in those 
aged less than 4 yr (n=60; 1.6 (1.0) yr) (fig. la). 
When the suctioning and inflating techniques are 
examined independently (fig. 1B, 1c), the percentage 
of children with Spo, 292% was still greater in 


Table 1 Patient characteristics, anaesthetic technique and 
surgical procedure (mean (sD or range) or number of children 
(%)). No significant differences between groups 


Suction 
Infanon group group 


Age (yr) §2(0 29-167) 5.4(0.25-16.9) 
Weight (kg) 21.8 (17 5) 21.0 (13 6) 
ASA status 
I 45 (76.2%) 53 (86.9%) 
Dori 14 (23.8%) 8 (13 1%) 
Duration of anaesthesia (min) 110 (56) 105 (58) 
Opioid doses (ug kg") 
Alfentanil (n=41) 22.5 (7.7) 23.4 (14.3) 
Sufentanil (n=58) 0.46 (0.27) 0.51 (0.38) 


End-tidal concentration before tracheal extubation (%) 


Isoflurane (n=93) 0.19 (0 10) 0 20 (0.06) 

Desflurane (n=20) 0.44 (0 22) 0 39 (0 24) 
Neuromuscular blocking drugs 

None 41 (69.5 %) 47 (77 %) 

Antagonism 1 (1.7 %) 0 (0%) 
Surgical procedures 

Orthopaedic 17 (28 8%) 13 (21.3%) 

Plastic 22 (37 3%) 25 (41 0%) 

Abdomunal and urological 13 (22.0%) 20 (32.8%) 

Miscellaneous 7(11.9%) 3 (4 9%) 





Table 2 Number and percentage of children reaching an Spo, of 
<92% ın each group and time to onset of arterial haemoglobin 
oxygen desaturation after tracheal extubation during the 5-min 
observation period in the operatng room (mean (sp) or number of 
children (%)). Oxygen was admunistered if Sp, was less than 92% 
*P<0.05, ***P<0.001 vs inflation group 





Inflation group Suction group 
Spo, <92% 27 (45.8%) 40 (65 6%)* 
T9Ż (8) 85 (63) 25 (19)*** 
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Figure 1 Effect of age on Kaplan—Meier survival curves for 
children undergoing tracheal extubation irrespective (a) or 
depending (B and c) on the technique used; the y axis represents 
the percentage of children who sustained SPo, equal to or greater 
than 92% without oxygen administration during the 5-min 
observation period in the operating room. 


children aged more than 4 yr compared with those 
aged less than 4 yr, irrespective of the technique used 
for tracheal extubation. 


Discussion 


In this prospective, randomized study, we demon- 
strated that a single lung inflation manoeuvre with 
100% oxygen before removal of the tracheal tube 
reduced the need for supplementary oxygen therapy 
during the first 5 min after tracheal extubation, and 
delayed the onset of desaturation compared with a 
suctioning procedure. These effects were more pro- 
nounced in children less than 4 yr of age compared 
with older children. 

The reduced incidence of desaturation episodes 
observed with the inflating technique indicates that 
lung volumes and lung oxygen stores are critical deter- 
minants of early desaturation after tracheal extubation 
in children, in agreement with clinical studies in adult 
apnoeic patients.’ Indeed, there is an inverse relation- 
ship between both frequency and severity of desatura- 
tion after a 30-s voluntary apnoea in normal adult 
subjects, and pre-apnoea lung volume.” Similarly, 
maintaining lung volumes and oxygen stores with 
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intratracheal oxygen lessens the frequency and severity 
of desaturation during apnoea in patients undergoing 
mechanical ventilation.” ° Conversely, tracheal suc- 
tioning reduces lung volumes, affecting shunt area 
appearance and hypoxaemia in critically ill patients 
undergoing mechanical ventilation.” However, these 
effects on oxygenation could not be extended to 
anaesthetized patients. They were assessed after dis- 
connection from the ventilator, either when they were 
sedated or paralysed without spontaneous ventila- 
tion.” This differs markedly from the spontaneously 
breathing patient recovering from anaesthesia. In 
addition, a single lung inflation manoeuvre with 100% 
oxygen can suppress atelectasis and ventilation perfu- 
sion mismatches observed after experimental car- 
diopulmonary bypass, which are mainly responsible 
for postoperative hypoxaemia.” 

Time to onset of hypoxaemia during apnoea is 
dependent on the balance between oxygen supply 
(i.e. alveolar oxygen tension and lung volume) and 
extraction from the circulating blood (i.e. oxygen 
consumption). In our study, time to desaturation to 
92% was three-fold shorter when tracheal suctioning 
was applied compared with the inflation technique. 
This suggests that lung volumes and oxygen stores 
modulate the onset of desaturation after tracheal 
extubation in the spontaneously breathing child in 
the same way as in apnoeic patients. 

There is a strong relationship between weight and 
FRC, and between weight and oxygen consumption 
in children.** This explains the positive relationship 
between age and onset of desaturation during 
apnoea: the younger the child, the more rapid the 
onset of desaturation.” Moreover, the difference 
between FRC and closing volume increases linearly 
with age up to 20 yr, exposing younger children to a 
greater risk of postoperative hypoxaemia.’ On this 
basis, we hypothesized that younger children might 
be more prone to desaturation after tracheal extuba- 
tion, and that desaturation might occur more rapidly. 
To test this assumption, we used Kaplan—Meier sur- 
vival curves and we defined survival as the ability of a 
child to maintain Sp, 292% during the 5-min obser- 
vation period in the operating room (i.e. without oxy- 
gen administration). This analysis takes into account 
both the onset and frequency of desaturation to less 
than 92%. Our data demonstrated that desaturation 
occurred earlier and was more frequent in children 
less than 4 yr of age, irrespective of the tracheal extu- 
bation technique used. 

In summary, tracheal extubation greatly impairs 
oxygenation, and systematic oxygen administration 
after tracheal tube removal is of clinical value. This 
impairment is more pronounced with a suctioning 
technique and in young children. A lung inflation 
manoeuvre with 100% oxygen before removal of the 
tracheal tube may be advised for routine extubation 
in children. 
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Non-invasive aortic blood flow measurement in infants during repair of 


craniosynostosisf 
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A. C. PERE, P. A. CARLI AND D. RENIER 


Summary 


We have assessed the potential clinical benefit of 
a new echo-Doppler device (Dynemo 3000) 
which provides a continuous measure of aortic 
blood flow (ABF) using an aortic flowmeter and a 
paediatric oesophageal probe, during repair of 
craniosynostosis in infants under general anaes- 
thesia. The data recorded included: ABFi 
(izindexed to body surface area), stroke volume 
(SVi), systemic vascular resistance (TSVRi), pre- 
ejection period (PEP), left ventricular ejection 
time (LVET), mean arterial pressure (MAP), heart 
rate (HR) and central venous pressure (CVP). 
Data were collected: before (T1) and 3 min after 
skin incision (T2), at the time of maximal haem- 
orrhage (T3) and at the end of the procedure 
(T4). Twelve infants (aged 7.0 (range 6-12) 
months) were included. ABFi, MAP and CVP 
were significantly lower at T3 compared with T1 
(2.0 (0.8) vs 3.0 (0.8) litre min” m7”, 46.1 (5.8) vs 
65.2 (8.9) mm Hg and 2.8 (1.6) vs 5.2 (2.1) mm Hg; 
P<0.05). PEP/LVET ratio was significantly lower 
at T2 compared with T1 (0.25 (0.05) vs 0.30 
(0.06)) and increased at T4 (0.36 (0.04); P<0.05). 
These preliminary results suggest that this non- 
invasive ABF echo-Doppler device may be useful 
for continuous haemodynamic monitoring during 
a surgical procedure associated with haemor- 
rhage in infants. (Br J. Anaesth. 1998; 81: 
696-701). 


Keywords: complications, craniosynostosis; blood, flow; 
measurement techniques, ultrasound; anaesthesia, paedi- 
atric 


Craniosynostosis is a relatively common disorder, 
with an estimated incidence of 1 per 2000 live births, 
related to premature closure of skull sutures.’* An 
early surgical correction is mandatory in the majority 
of cases because the compensatory deformation of 
the skull which occurs during rapid growth of the 
brain in early infancy may lead to increased intracra- 
nial pressure, especially in children older than 1 yr of 
age, and particularly if multiples sutures are 
involved.’ Surgery is aimed at restoring normal 
anatomy at an early age to achieve the best cosmetic 
result and avoid possible cerebral consequences.’ * 
Therefore, surgical procedures for correction of 
craniosynostosis are performed in young infants with 
a small blood volume and represent major surgery 
with extensive blood loss.”° 


Accurate determination and precise restoration of 
blood losses represent the major concern for the 
anaesthetist during this surgery. However, intraoper- 
ative assessment of blood loss is difficult and requires 
precise haemodynamic monitoring. Although it has 
been argued that invasive measurement of cardiac 
output allows earlier interventions during critical 
surgical procedures, the technical difficulties of 
inserting balloon catheters into small children are 
such that haemodynamic evaluation frequently relies 
solely on clinical monitoring (heart rate, arterial pres- 
sure, pulse oximetry and Pr’, ). Unfortunately, clini- 
cal assessment of cardiac function using these 
measurements has been shown to be unreliable in 
children.’ 

Experience with intraoperative transoesophageal 
echocardiography is limited in children,’ and this 
monitoring is not widely available for infants. 
Moreover, the data provided by cardiac echocardiog- 
raphy only allow a diagnosis of a cardiovascular sta- 
tus at a given moment during the peroperative 
period. 

These factors encouraged the development of 
non-invasive ultrasound techniques to measure car- 
diac output in newborns and infants. The 
oesophageal route was first used in an attempt to 
overcome the problems noted with the suprasternal 
route’ and was progressively developed and 
improved by INSERM (U281) in France.” ” 
Application of this methodology in adults during 
general anaesthesia and in intensive care patients 
revealed the clinical usefulness of aortic blood mea- 
surement.” Non-invasive haemodynamic monitor- 
ing can now be performed with an echo-Doppler 
aortic blood flowmeter (Dynemo 3000 Sometec Inc., 
France). A miniaturized probe has been developed to 
continuously measure descending thoracic aortic 
diameter and blood velocity simultaneously, in 
infants as in adults. The aim of our preliminary study 
was to assess the feasibility and likely clinical benefits 
of continuous measurement of aortic blood flow 
(ABF) during repair of craniosynostosis, a surgical 
procedure associated with significant haemorrhage. 


G. A. ORLIAGUET, MD, P. G. MEYSR, MD, S. BLANOT, MD, M. M. 
JARREAU, MD, B. CHARRON, MD, H. CUTTAREE, MD, A. C. PERIE, MD, 
P. A. Caru, MD (Department of Paediatric Anaesthesiology); 
D. RENER, MD (Department of Paediatric Neurosurgery); Hépital 
des Enfants Malades, 149 rue de Sèvres, 75743 Parıs Cedex 15, 
France. Accepted for publication: June 4, 1998. 

Correspondence to G. A. O. 

tPresented ın part at the 4th European Congress of Paediatric 
Anaesthesia, May 21-24 1997, Paris. 


Continuous non-invasive ABF measurement in infants 


Patients and methods 


After obtaining approval from the Ethics Committee 
and informed consent from parents, we studied 
prospectively 12 infants (aged 6 months to 1 yr), 
ASA I-II, with a body weight of 6-12 kg, undergoing 
surgical repair of craniosynostosis. Exclusion criteria 
were: known or suspected oropharyngeal, 
oesophageal, aortic or mediastinal pathology; severe 
gastro-oesophageal reflux; or known or suspected 
latex sensitization. 

All procedures were performed under general anaes- 
thesia without induced hypotension after skull skin 
infiltration with epinephrine (adrenaline) 1:200 000 
in normal saline. After premedication with clorazepate 
dipotassium, general anaesthesia was induced with 
2-3% halothane followed by fentanyl 5 pg kg”. 
Neuromuscular block was achieved with atracurium 
0.5 mg kg’. After orotracheal intubation, general 
anaesthesia was maintained using continuous i.v. 
infusion of fentanyl and controlled ventilation with 
0.8-1.5% isoflurane and 50% nitrous oxide in oxy- 
gen. Monitoring included continuous ECG, invasive 
arterial and central venous pressures, core tempera- 
ture, pulse oximetry, end-tidal carbon dioxide con- 
centration and urine output. 

Preoperative blood samples were obtained for 
measurement of red blood cells, platelet count, 
haemoglobin concentration, packed cell volume 
(PCV) and coagulation screen. Serial blood samples 
were obtained at least every 2 h during operation and 
as frequently as clinically indicated, for measurement 
of blood-gas tensions and PCV. Intraoperative man- 
agement was as described previously.’ Briefly, an iso- 
volaemic compensation of blood loss was strictly 
observed, with fluid replacement based on haemody- 
namic variables, and including human serum albu- 
min, colloids and packed red blood cells in order to 
maintain PCV in the range 0.28-0.35. Fresh frozen 
plasma was used only in patients requiring more than 
70% of estimated blood volume transfusion. 


MEASUREMENT PRINCIPLE 


Velocity is measured using the Doppler formula: 
v=((CxAF)/(2Fey(x)cosl)) where C=ultrasound veloc- 
ity inside the blood, AF=frequency variation of emit- 
ted ultrasound, Fe=emission frequency, and I=angle of 
incidence and reflection of ultrasound against the red 
cells. Determination of ABF requires simultaneous 
and continuous measurement of the aortic section and 
blood velocity inside the aorta, at the same anatomical 
level where the aorta and oesophagus are nearly paral- 
lel. Using the specially designed ultrasound paediatric 
probe introduced into the oesophagus, we measured 
the diameter of the descending thoracic aorta using an 
M-mode echographic system and blood flow velocity 
with a pulsed Doppler velocimeter. 


PROBE AND FLOWMETER 


The paediatric oesophageal probe has two ultra- 
sound transducers (3x3 mm) located at the distal 
part of the probe. The first operates at 10 MHz M- 
echo mode scanner, perpendicular to the centre line. 
The second is a Doppler pulsed emission transducer 
operating at 5 MHz and mounted at an angle of 60° 
to the centre line of the probe: the pulsed Doppler is 
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emitted with a 48° divergent beam and the gated 
Doppler signal depth is adapted automatically to the 
aortic wall location values. This small probe, specially 
designed for newborns and infants, measures 5 mm 
(external diameter) and is 45 cm long. For infants, an 
8- or 12-mm diameter cylindrical latex balloon is 
mounted on the sheath ready to be filled with 0.5 or 
2 ml of water. This inflated balloon which surrounds 
the transducer maintains a constant angle of inci- 
dence of the ultrasound beams and allows the captor 
to rotate freely inside it without contact against the 
oesophageal mucosal wall. The balloon ensures 
transmission of ultrasound waves without air inter- 
position and dissipates any heat produced. 

The oesophageal probe was inserted and posi- 
tioned immediately after induction of anaesthesia. 
Depth of introduction of the probe into the oesopha- 
gus varied according to the height of the infant and 
was measured between the echo transducer placed 
on the third intercostal juxtasternal space and a slide 
rubber ring placed at the level of the mouth. This dis- 
tance approximated the level where the aorta and 
oesophagus are parallel. 

The flowmeter includes three main parts: M-mode 
imaging system for diameter measurement, pulsed 
Doppler for velocity measurement, a second micro- 
processor system controlling flowmeter functions 
and peripheral monitoring devices. An invasive arter- 
ial cannula provides continuous measurement of 
mean arterial pressure (MAP). An electrocarcdlio- 
scope collects the ECG signal and calculates heart 
rate (HR) (Merlin, Hewlett Packard, USA). The 
haemodynamic profile integrates ABF, MAP and HR 
to calculate stroke volume (SV) in the descending 
aorta (obtained from the formula: SVa 
(m)=ABF/HR) and total systernic vascular resis- 
tance (TSVR) (calculated from the formula: TSVRa 
(dyn s cm”)=MAP/ABFx79.9). These two variables 
are indexed to ABF. Moreover, systolic time intervals 
(STD are measured from computerized analysis of 
the ECG signal (Q wave detection) and the accelera- 
tion signal which is derived from the Doppler velo- 
city signal. Opening and closing of the aortic valve are 
detected by computerized analysis of the acceleration 
signal. The computer determines the length of the 
pre-ejection period (PEP) between the Q wave and 
the beginning of the systolic acceleration front, corre- 
sponding to aortic valve opening. Starting at the end 
of PEP, measurement of the left ventricular ejection 
time (LVET) is obtained by searching the accelera- 
tion signal for the second maximum of systolic decel- 
eration corresponding to aortic valve closure.’ PEPI 
and LVETi are measured automatically and continu- 
ously and indexed to HR according to the formula of 
Weissler, Harris and Schoefeld."” PEP/LVET ratio is 
also calculated automatically. These values are pre- 
sented in table form and updated every 8 s on a 
screen display (fig. 1). Finally, the haemodynamic 
profile is recorded every 8 s (or at the operator’s 
request) on soft magnetic support. 


MEASUREMENT FOR THE STUDY 


When the recorded ABF was satisfactory (stable and 
clear images of aortic walls and Doppler velocity sig- 
nal on the screen for more than 1 min), initial data, 
before skull skin infiltration and skin incision, were 
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Figure 1 


The Dynemo 3000 device. On the upper part of the screen, the M-mode echo of the aortic walls; on the lower 


part, the Doppler flow velocity. On the left part of the screen, the haemodynamic data shown in table form (updated 


every 8 s) 


collected simultaneously and served as control values 
(T1). A second, third and fourth set of haemody- 
namic measurements were collected using the same 
criteria, respectively, 3 min after skin incision (T2), 
60 min after skin incision (T3) and at the end of the 
surgical procedure during skin closure (T4). The 
time T3 was chosen at 60 min after skin incision 
because preliminary results had shown that at this 
time blood loss was maximal, with important haemo- 
dynamic changes. The oesophageal probe was 
removed at the end of surgery before discontinuation 
of anaesthesia. 

In an attempt to simplify estimation of blood loss, 
red cell volumes were used. Estimated body volume 
(EBV)=80 ml kg’ and red cell volume 
(ERCV)=EBVxPCV were calculated before opera- 
tion. The following variables were then calculated for 
the period during operation: estimated red cell vol- 
ume transfused (RCT)=0.75xvolume of packed red 
cells; estimated red cell volume deficit 
(ERCD)=ERCVxPCY variation; estimated red cell 


volume lost (ERCL)=ERCD+RCT; and percent of 


ERCV lost=ERCLU/ERCV. 

Results are reported as mean (sp), Data were com- 
pared between T1, T2, T3 and T4 using repeated 
measures analysis of variance and the 
Newman-Keuls test. All P values were two-tailed, 
and P<0.05 was required to reject the null hypothesis. 
Statistical analysis was performed using NCSS 6.0 
software (BMDP Company, Los Angeles, CA, USA). 


Results 


We studied 12 infants (eight females), treated by the 
same surgeon; mean age, weight, height and body 
eee area were 7.0 (range 6-12) months, 7.9 (sp 

) kg, 66.7 (3.9) cm and 0.39 (0.06) m^, respec- 
pe Be The nature of the skull deformity was: plagio- 
cephaly in four patients, trigonocephaly in four, 
scaphocephaly in three and brachycephaly in one. 
Mean duration of anaesthesia was 236 (37) min, 


while mean duration of the surgical procedure was 
140 (26) min. Total estimated red blood cells lost 
during the intraoperative period was 158 (77) % of 
preoperative estimated red cell volume (range 
75-213%). ERCV, RCT, ERCD, ERCL and percent 
of ERCYV lost are presented in table 1. 

Mean intraoperative transfusion was 360.0 
(169.7) ml (range 180-480 ml) of packed red blood 
cells. 

No untoward incidents were noted using the device. 
Aortic diameter and ABF measurements were easily 
obtained in all cases and recording quality was excel- 
lent in all patients. However, it was necessary to repo- 
sition the oesophageal probe a mean of three times per 
patient because of loss of the Doppler signal related to 
displacement of the probe. These displacements were 
secondary to necessary movements of the head of the 
infant during the surgical procedure. Table 2 shows 
the haemodynamic variations during the surgical pro- 
cedure: ABF, SVa and TSVRa were indexed to body 
surface area (ABFi, SVi, TSVRi). MAP, CVP and 
ABFi showed parallel changes in individual patients 
during the procedure (fig. 2). 

There was no significant variation in HR, SVi or 
TSVRi during operation. ABFi, MAP and CVP 
decreased significantly (P=0.0475, P<0.001, 
P=0.047, respectively) at the time of maximal blood 
loss (T3) compared with T1. While CVP and ABFi 
were not significantly different from control values 
(T1) at the end of the procedure (T4), MAP 
remained significantly decreased (P<0.01). PEPi and 
PEP/LVET ratio was significantly decreased at the 
time of skin incision (P<0.01, P<0.01, respectively) 
and increased at the end of the procedure (P<0.01, 


Table 1 Mean (sp) blood loss during the study 








Estimated red cell volume lost (ml 281 ( 119) 
Packed red cell volume transfused (ml) 270 (127) 
% of patient’s estimated red cell volume lost (%) 158 (77) 
Final red cell volume deficit (ml) 11 (8) 
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Table2 Haemodynamic vanatons induced by skin incision (T2), blood loss (T3) and at the end of procedure (T4) compared with control 
values (T1). Data are mean (sD) (95% confidence interval). HR=Heart rate, MAP=mean arterial pressure, ABFi=aortic blood flow 
CGndexed to body surface area), PEPi=pre-ejection period, LVETi=left ventricular ejection time, SVi=stroke volume (indexed to body 
surface area), TSVRi=total systemic vascular resistance (indexed to body surface area), CVP=central venous pressure. *P<0.05 usT1 


Measurement T1 T2 
HR (beat min") 110 (12) 117 (16) 
(102-117) (107-127) 
MAP (mm Hg) 65 (9) 69 (13) 
(60-71) (60-77) 
ABF1 (litre min” m® 3.0 (0.8) 3.8 (1.5) 
(2.5-3.5) (2.7-4.8) 
PEP: (ms) 131 (20) 112 (17) 
(118-144) (99-123)* 
LVET1 (ms) 467 (23) 468 (21) 
(453-482) (454-482) 
PEP/LVET 0.30 (0.06) 0.25 (0.05*) 
(0.26-0.34) (0.21-0.28) 
SVi (ml m”) 29 (8) 33 (13) 
(24-33) (25-42) 
TSVRi (dyn s cm*m”) 2003 (822) 1998 (1315) 
` (1481-2526) (1114-2882) 
CVP (mm Hg) 5 (2) (47) 5 (2) (4-7) 


T3 T4 

110 (16) 109 (9) 
(101-120) (102-115) 
46 (6) 54 (4) 
(42-49)* (51-57)* 
2.0 (0.8) 3 1 (1.6) 
(1.5-2.5)* (2.0-4.2) 
136 (8) 148 (10) 
(130-141) (142-155)* 
462 (29) 437 (21) 
(443-480) (423-45 1)* 
0.31 (0.04) 0.36 (0.04) 
(0.29-0.34) (0.33-0.39)* 
25 (19) 31 (15) 
(13-38) (21-42) 
2269 (1454) 2352 (1533) 


(1345-3193) 
3 (2*) (2-4) 


(1322-3382) 
6 (3) (4-7) 


P<0.01, respectively). LVETi was significantly 
decreased at the end of operation (P=0.015). 


Discussion 


The main result of this preliminary clinical study was 
that non-invasive aortic blood measurement was 


MAP (rom Hg) 
oZRBBASS88B 









CVP (mm Hg) 





ABFi (litre min m?) 








Time 


Figure2 Evolution of MAP, CVP and ABF1in individual 
patients. MAP, CVP and ABF: showed parallel changes in 
individual patients. The same symbols are used for the same 
patients in the three figures. 


feasible during repair of craniosynostosis in child- 
ren, and estimated complementary haemodynamic 
trends. The echographic image of the aortic walls and 
Doppler flow were recorded easily without delay. The 
haemodynamic data appeared reliable in all cases 
and similar trends for each infant during surgical 
repair of craniosynostosis and haemorrhage were 
obtained: ABFi, MAP and CVP were decreased at 
the time of maximal blood loss (T3). 

The variations in systolic time intervals are a 
reflection of the inotropic variables: PEP reflects the 
isometric phase and LVET the isotonic phase of left 
ventricular contraction. A simplified expression of 
alterations in systolic time intervals is provided by the 
ratio PEP/LVET: among normal subjects this ratio 
averages 0.35+0.04. In adults, increase in 
PEP/LVET to 0.44 denotes decreased left ventricular 
performance.” In contrast, decreases in PEP and 
PEP/LVET are observed with the use of inotropic 
drugs. Therefore, the decreases in PEPi and 
PEP/LVET ratio noted on T2, combined with a non- 
significant increase in both MAP and ABFi may be 
related to the positive inotropic effect of epinephrine, 
used for skull skin infiltration. The increase in 
PEP/LVET ratio, observed at the end of the surgical 
procedure, indicated some decrease in left ventricu- 
lar contractility,” which was not clinically relevant 
because ABFi was comparable with control values. 
This impairment in systolic time interval ratio could 
be related to metabolic acidosis and hypocalcaemia 
secondary to the massive blood transfusion. It was of 
interest to note that despite a significant decrease in 
MAP, ABFi and CVP at T3, there was no significant 
increase in TSVRi. This result could be related to the 
fact that general anaesthesia blunts the circulatory 
response to haemorrhage.” 

Although it has been argued that invasive measure- 
ment of cardiac output allows earlier interventions in 
seriously ill patients or during critical surgical proce- 
dures, the practical problems of inserting a pul- 
monary artery catheter into small children are such 
that this monitoring device is not used routinely. 
Thus there is a need in paediatric critical care, and 
during critical paediatric anaesthesia, for an easy, 
accurate non-invasive measurement of blood flow. 
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Blood flow measurement using ultrasound tech- 
niques represents a suitable approach during general 
anaesthesia” and has acceptable agreement and pre- 
cision compared with the direct Fick method. In fact, 
this non-invasive method has been shown previously 
to correlate well with electromagnetic flow in 
animals” and with thermodilution in humans.” 
The device allows measurement of aortic diameter 
and velocity at the same anatomical level continu- 
ously and non-invasively. The importance of this 
simultaneous measurement has been outlined previ- 
ously in adults” and in children.” Moreover, aortic 
diameter is probably the most important single 
determinant of Doppler cardiac output.”” Errors in 
measurement of aortic diameter are magnified 
because the square of the diameter is integrated into 
the calculated cardiac output.” It is well established 
that aortic diameter changes during the cardiac 
cycle” * and with pressure, the relationship being 
almost linear.” ™ For the purpose of our study we 
used a device which is the only one available enabling 
simultaneous measurement of aortic diameter and 
velocity. Until recently, this monitoring technique 
was not available in infants, however the recent 
development of a miniaturized probe has remedied 
this. Gueugniaud and colleagues have demonstrated 
the feasibility of this device in infants and have shown 
some myocardial depression from isoflurane.” 
However, contrary to our study, MAP was not mea- 
sured continuously, which may have influenced the 
results, especially regarding the calculation of TSVRa 
(MAP/ABFx79.9). 

In summary, our results have confirmed the feasibil- 
ity of this device and that it may provide non-invasive, 
complementary haemodynamic trends during a 
haemorrhagic surgical procedure in infants. Further 
studies are needed to evaluate how this new monitor- 
ing device may influence the perioperative manage- 
ment of infants and children. 
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Haemodynamic stability and ketamine—alfentanil anaesthetic induction 


R. I. Karz, A. Levy, B. SLEPIAN, B. SOBEL AND R. S. LAGASSE 


Summary 

We have determined if alfentanil could obtund 
the haemodynamic instability commonly seen at 
induction of anaesthesia with ketamine. Five 
groups of ASA | and II patients received keta- 
mine 1 mg kg" i.v., preceded by saline (group 1) 
or alfentanil 10, 20, 30 or 40 ug kg” (groups 2-5, 
respectively). Heart rate (HR), mean arterial pres- 
sure (AP), postoperative patient complaints and 
dysphoria were noted. All groups showed 
increases (P<0.05) in both HR and AP after 
administration of ketamine, which were progres- 
sively smaller as the dose of alfentanil increased. 
After tracheal intubation, all groups showed fur- 
ther increases in HR and AP, with groups 3-5 
(alfentanil 20-40 ug kg") showing significant 
obtundation (P<0.05) of these increases com- 
pared with group 1. No patient in any group 
reported postoperative dysphoria or dissatisfac- 
tion with their anaesthetic. Ketamine 1 mg kg“ 
with alfentanil 20-40 ug kg” provided statisti- 
cally significant obtundation of the haemo- 
dynamic instability that is common with ketamine 
alone. (Br. J. Anaesth. 1998; 81: 702-706). 


Keywords: anaesthetics i.v., ketamine; analgesics opioid, 
alfentanil; anaesthetic techniques, induction; cardiovascular 
system, effects 


Numerous agents and combinations of agents have 
been used in an effort to minimize haemodynamic 
instability during induction of anaesthesia. ® Our 
recent study comparing thiopental (thiopentone), 
ketamine, thiopental with fentanyl and ketamine with 
fentanyl’ demonstrated that the combination of keta- 
mine and fentanyl provided haemodynamic stability 
during induction that was superior to the other three 
induction regimens, while at the same time providing 
excellent patient satisfaction. 

When given alone, ketamine produces rapid 
induction but may cause unpleasant psychological 
side effects; ketamine also results in catecholamine 
release with subsequent tachycardia and hyperten- 
sion. Numerous medications, including midazolam 
and fentanyl,’ have been shown to attenuate or pre- 
vent the hallucinations induced by Ketamine, but 
while midazolam can significantly decrease the 
increase in arterial pressure (AP) normally seen after 
tracheal intubation when anaesthesia is induced with 
ketamine, midazolam provides little control of tachy- 
cardia after intubation.’ Fentanyl has been shown to 
obtund the increase in both heart rate (HR) and AP 
after intubation with ketamine.” 

Alfentanil has a more rapid onset and shorter 
duration of action than fentanyl,” properties which 


may be advantageous in short surgical cases where 
rapid induction is also desirable. However, at least 
one previous study has indicated that the ability of 
alfentanil to block increases in HR and AP during 
induction of anaesthesia is inferior to that of fen- 
tanyl.” If ketamine with alfentanil is haemodynami- 
cally stable, this regimen might offer an attractive 
alternative to more conventional techniques, such as 
thiopental alone or in combination with fentanyl. 
Examining the hypothesis that a combination of 
ketamine and alfentanil (an induction regimen not 
reported previously in the literature) might also pro- 
vide pleasant and haemodynamically stable induc- 
tion of anaesthesia, and in an attempt to determine 
the optimum dose of alfentanil for this purpose, we 
studied HR, mean AP, surgical duration, length of 
stay in the recovery room and problems in the recov- 
ery room, including dysphoria, in association with 
induction of anaesthesia with ketamine alone and 
with ketamine and four different doses of alfentanil. 


Patients and methods 


After obtaining approval from both Institutional 
Human Studies Committees and written informed 
consent, we studied 100 patients, ASA I-I, under- 
going elective surgery expected to last at least 30 min 
(greater than the expected duration of action of an 
induction dose of ketamine) and requiring general 
anaesthesia, including tracheal intubation. Power 
analysis showed that for an sp value of 15, alpha 0.05 
and beta 0.2, a difference of 20 units (HR or AP) 
would be detected with 10 patients per treatment 
group, and for a difference of 10 units, 38 patients 
per treatment group would be required. 

Patients were allocated randomly to receive one of 
five induction regimens according to a list prepared 
before the start of the study. Groups were compared 
after every 25 patients and the study was considered 
to be concluded when statistically significant differ- 
ences between groups were found for both HR and 
AP. All patients with a history of cardiac disease, 
cerebrovascular disease, psychosis or recent drug 
abuse were excluded. No preoperative sedation was 
administered. Induction agents were administered 
and tracheal intubation was carried out by experi- 
enced residents or nurse anaesthetists who were 
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aware of the agents and doses given. Drugs were pre- 
pared by the operating room pharmacist 
(Montefiore) or by the resident or nurse anaesthetist 
assigned to each patient (Northport VA). The study 
was conducted in a blinded manner in that neither 
patients nor study members recording data were 
aware of which technique was used. In cases where 
the assigned attending anaesthetist was a study 
team member, they recorded the induction data 
but were not informed of which technique had been 
used until induction was completed and all data 
recorded. In such cases, another attending anaes- 
thetist was requested to be available but was not 
required to be physically present in the operating 
room. - 

Patients in group 1 received saline 10 ml, followed 
after 60 s by ketamine 1 mg kg”. Patients in groups 
2-5 were given alfentanil 10, 20, 30 and 40 ug kg” 
(diluted with saline to 10 ml), respectively, followed 
after 60 s by ketamine 1 mg kg. All patients received 
succinylcholine (suxamethonium) 1.25 mg kg” 
before tracheal intubation, at the point at which the 
patient became unresponsive to verbal commands 
and lost the eyelid reflex. All drugs were given as i.v. 
boluses. Laryngoscopy and tracheal intubation were 
begun 1208 after administration of ketamine. The 
lungs were ventilated with 100% oxygen by mask in 
the interval between administration of succinyl- 
choline and laryngoscopy. If intubation could not be 
accomplished successfully within 30s, the patient 
was dropped from the study and another patient sub- 
stituted. After intubation, mechanical ventilation was 
instituted and anaesthesia maintained with nitrous 
oxide 4 litre min’, oxygen 2 litre min” and 1% 
isoflurane (Obmeda modulus anaesthesia machines 
with Cyprane vaporizers, calibrated for accuracy by 
Ohmeda Corporation, Madison, WI, USA, every 12 
months). At 5 min after intubation, induction was 
considered to be over and the anaesthetic manage- 
ment after this point was at the discretion of the 
anaesthesia team in charge of the case. During this 
5 min, all surgical stimulation was avoided. 

HR was monitored by _ electrocardiography 
(Physiocontrol Corp., Redmond WA, USA or 
Hewlett-Packard, Boise, ID, USA). Mean AP was 
measured oscillometrically using Dinamap monitors 
(Critikon, Tampa, FL, USA) capable of determining 
AP every 20-30 s. HR and AP were recorded at nine 
times: baseline, 60 s after administration of saline or 
alfentanil, 30, 60, 90 and 120s after administration 
of ketamine, and 30 s, 60s and 5 min after place- 
ment of the tracheal tube. 

Age, sex, time spent in the recovery room and 
duration of surgery were recorded. Continuous 
end-tidal Pco, (Datascope Corp., Montvale, NJ, 
USA and Ohmeda) and oxygen saturation by pulse 
oximeter (Nellcor Co., Hayward, CA, USA and 
Ohmeda) were monitored during induction of anaes- 
thesia to insure that haemodynamic instability, if 
present, was not caused by either hypoxia or hyper- 
capnia. Patient complaints, dysphoria and adverse 
events in the recovery room were noted by the nurse 
assigned to each patient. Patients were discharged 
from the recovery room when they achieved an 
Aldrete score of 8 (2 points possible for level of 
consciousness, respiration, overall level of activity, 
oxygen saturation and arterial pressure). 
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To normalize for variations in baseline values, data 
for HR and AP were compared as change from base- 
line between groups. Continuous data were analysed 
both within and between groups by two-way analysis 
of variance (ANOVA) for repeated measures. 
Changes from baseline to peak HR and AP were 
analysed by one-way ANOVA between groups. The 
Fisher-PLSD (protected least significant difference) 
test was used in all cases for multiple comparisons. 
Nominal data (incidence of nausea, dysphoria and 
patient complaints) were analysed using chi-square. 
In all cases, P<0.05 was considered statistically sig- 
nificant. Data for HR, AP, patient age, weight, surgi- 
cal duration and time spent in the recovery room are 
reported as mean (SD). 


Results 


Three patients were excluded from the study because 
of difficulty with tracheal intubation. One patient was 
excluded because of arterial pressure cuff malfunc- 
tion during induction and one patient was excluded 
because of i.v. line infiltration, not detected until 
after induction had begun. Fifty-four women and 46 
men (100 patients in total) were studied. 

All groups experienced increases in both HR 
(table 1, fig. 1) and AP (table 2, fig. 2) after adminis- 
tration of ketamine but before intubation (P<0.05), 
in addition to further increases in AP and HR after 
intubation (P<0.05). These increases were signifi- 
cantly obtunded (P<0.05) in groups 3-5 (ketamine 
with alfentanil 20, 30 and 40 pg kg’, respectively) 
compared with groups 1 and 2 (ketamine with saline 
and alfentanil 10 ug kg", respectively). At 5 min after 
intubation, AP and HR were still increased above 
baseline (P<0.05) in groups 1 and 2, and in group 
5 AP was slightly, but significantly, decreased 
compared with baseline. 

No patient had oxygen saturation less than 95% at 
any time during the study. There were no statistically 
significant differences in end-tidal Pco, between the 
groups. 

One patient in group 4 received atropine at 1-5 
min after tracheal intubation for a heart rate of 
38 beat min” not associated with hypotension. All 
patients were considered by their anaesthesia teams 
to be clinically stable during this time. 

After surgery, the trachea was extubated in the 
operating room and all patients were taken to the 
recovery room with stable vital signs. No patient 
suffered emergence delirium or dysphoria or had 
any complaints regarding anaesthesia in the recovery 
room. One patient in group 3 was diagnosed as 
suffering from negative pressure pulmonary oedema 
in the recovery room (low oxygen saturation and 
positive chest x-ray findings), thought to be sec- 
ondary to an episode of laryngospasm on emergence 
from anaesthesia. This patient’s symptoms resolved 
over 3 h with mask oxygen and did not require 
re-intubation. There were no other intra- or post- 
operative complications apart from isolated instances 
of transient nausea (no statistically significant differ- 
ence between groups). 

Groups were similar in age, weight, duration of 
surgery and time spent in the recovery room after 
operation (table 3). 


British Journal of Anaesthesia 


Table 1 Mean (sp) heart rate (HR) values in the five groups at nine times during the study (n=20 in each group). *P<0.05 from baseline 
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within groups 
Time 
60safter 30s 608s 
saline or after after 
Baseline alfentanil ketamine 
Group 1 68(15.2) 64(161) 7417.7) 
Ketamine 1 mg kg“ 
Group 2 78(19.6)  83(24.7)  84(24.1) 
Ketamine + 
alfentanil 10 pg kg” 
Group 3 85(22.1) 85(18.5)  84(18.4) 
Ketamine + 
alfentanil 20 ug kg” 
Group 4 75(10.6) 75(12.6) 73(16.9) 
Ketamine + 
alfentanil 30 ug kg“ 
Group 5 79(15.9) 77(17.1) 78(16.6) 
Ketamine + 
alfentanil 40 pg kg” 


HR (beat min“) 











Group 2 


Group 1 


Group 3 


Figure 1 Maximum changes in heart rate (HR) from baseline 
after intubation for all five groups. *P<0.05 compared with 
group 1; {P<0.05 compared with group 2. 


Discussion 

All anaesthetic agents and induction combinations 
studied previously with respect to haemodynamic 
stability have been shown to have disadvantages. 


ketamine 
78(23.0)* 


90(23.4)* 


88(20.9) 


79(16.0) 


80(16.4) 


908 1208 308 60s 5 min 
after after after after after 
ketamine ketamine intubation intubation intubation 


84(23.4)* 94(23.0)*  106(24.7)* 103(22.4)* 93(17.0)* 


97(22.4)* 103(27.2)* 117(24.2)* 110(23.9)* 87(19.2)* 


95(24.9)* 98(22.3)* 112(29.1)* 110(26.3)* 87(22.0) 


82(17.3)* 85(17.6)* 99(22.9)* 97(22.7)*  78(21.5) 


81(18.6) 86(20.3)*  102(25.3)* 95(22.7)*  76(22.0) 


hydralazine” and isosorbide dinitrate’ help to main- 
tain stable AP after intubation but do not prevent 
(and may even cause) tachycardia. Propranolol and 
esmolol can prevent tachycardia after intubation but 
not hypertension, and can exacerbate bronchospasm 
and depress cardiac function.’ Labetalol can pro- 
vide control of both HR and AP,” but at the risk of 
cardiac depression and bronchospasm. Lidocaine 
(lignocaine), whether i.v. or topical, has been 
shown to provide little protection against tachycardia 
or hypertension. Both fentanyl” and alfentanil” can 
cause chest wall rigidity, in addition to bradycardia 
and hypotension when given in doses sufficient to 
induce anaesthesia. Ketamine provides rapid onset 
and profound analgesia, but has been associated with 
hallucinations and catecholamine release, commonly 
resulting in both tachycardia and hypertension.” 
Despite the recent increase in the popularity of 
propofol, thiopental is still the most common induction 
agent in all institutions of which we have personal 
knowledge. However, thiopental causes cardiac 
depression and venodilation. Our previous study,’ 
performed in a patient population identical to that in 


Table 2 Mean (sp) arterial pressure in the five groups at nine times during the study (m=20 in each group). *P<0.05 from baseline within 





When added to thiopental, nitroprusside,* 
groups 
Time 
60safter 308 608 
saline or after after 
Baseline alfentaml ketamine 
Group 1 98(10.4) 99(10.9) 
Ketamine 1 mg kg™ 
Group 2 95(12.7) 96(12.5) 
Ketamine + 
alfentanil 10 ug kg” 
Group 3 101(13.9) 102(15.2) 98(16.4) 
Ketamine + 
alfentanil 20 pg kg" 
Group 4 97(11.8)  97(18.1) 96(14.7) 
Ketamine + 
alfentanil 30 pg kg” 
Group 5 98(14.3) 96(14.2)  96(13.6) 
Ketamine + 


alfentanil 40 pg kg” 


ketamine 


106(22.8) 


104(17.6) 





90s 1208 308 608 5 min 
after after after after after 
ketamine ketamine intubation intubation intubation 


100(13.5) 110(15.2)* 121(18.6)* 131(21.6)* 141(20.3)* 134(18.3)* 117(19.4)* 


101(11.4) 112(14.8)* 118(17.0)* 125(18.0)* 132(20.2)* 127(18.8)* 107(20.7)* 


113(22.3)* 115(24.3)* 123(19.7)* 119(21.6)* 102(18.7) 


110(16.6)* 114(16.5)* 124(23.5)* 119(20.4)* 96(28.3) 


102(15.8) 103(13.7) 108(15.1)* 117(19.4)* 113(16.7)* 90(16.7)* 
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AP (mm Hg) 








Group Group2 Group3 Group4 Group6& 


Figure? Maximum changes in arterial pressure (AP) from 
baseline after ıntubation for all five groups. *P<0.05 compared 
with group 1; fP<0.05 compared with group 2, 


the current study, showed that thiopental, when 
given as the sole induction agent, typically resulted in 
large variations in both HR and AP. Thiopental does 
not result in direct release of catecholamines. 
However, HR and AP values after intubation follow- 
ing induction with thiopental proved to be no differ- 
ent from those achieved with ketamine, presumably 
because the lack of analgesia with this agent provided 
no protection against catecholamine release com- 
monly caused by a noxious stimulus such as tracheal 
intubation. Thiopental with fentanyl provided partial 
protection against tachycardia and hypertension sub- 
sequent to intubation, but at the cost of both brady- 
cardia and hypotension before intubation. Ketamine 
with fentanyl resulted in significant obtundation of 
tachycardia and hypertension after intubation, with 
little or no change in HR or AP before intubation. 
-The goal of our study was to determine if alfentanil 
in combination with ketamine could provide haemo- 
dynamically stable induction of anaesthesia, and to 
determine the optimum dose of alfentanil that would 
be required. We chose to evaluate ketamine with 
doses of alfentanil ranging from 10 to 40 ug kg” as 
this is the dose range of alfentanil that has been 
found previously to be at least partially effective in 
obtunding the haemodynamic response to tracheal 
intubation when combined with thiopental.°” 
Ketamine is commonly administered for induction of 
anaesthesia in doses of 1-2 mg kg”. Previous studies 
have shown that catecholamine release and subse- 
quent increases in HR and AP do not increase with 
increasing doses of ketamine but are constant within 
the range 0.5-1.5 mg kg’.” We chose to use keta- 
mine 1 mg kg? for all patients in the hope that a 
lower dose would lead to a shorter duration of action, 
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which would result in a lowered incidence of postop- 
erative hallucinations and emergence delirium. 

Our study clearly demonstrated that alfentanil, 
combined with ketamine, significantly obtunded the 
increase in HR and AP after intubation usually asso- 
ciated with ketamine alone, and greatly reduced the 
duration, without resulting in a decrease in HR and 
AP before intubation and causing only a small 
decrease in HR and AP within 5 min of intubation 
(alfentanil 40 ug kg” only). It must be noted, how- 
ever, that statistically significant results are not nec- 
essarily clinically significant. Some patients with 
severe cardiac or cerebrovascular disease can tolerate 
little or no haemodynamic instability, while a reduc- 
tion in the increase in HR and AP after intubation of 
approximately 14 beat min” and 20 mm Hg, respec- 
tively, combined with rapid return to baseline levels 
might mean a clinically significant difference in out- 
come for other patients. Changes in HR and AP 
responses with ketamine and alfentanil 30-40 pg kg’ 
were comparable with those found in our previous 
study with either ketamine—fentanyl or thiopental- 
fentanyl.’ The combination of thiopental—fentany] is 
commonly administered and has been studied 
often.’”” As the onset times of both ketamine and 
alfentanil are 30—60 s,” “ in circumstances where a 
rapid onset of action with relative haemodynamic 
stability is required (i.e. rapid sequence induction in 
an elderly or debilitated patient), ketamine—alfentanil 
would seem to be a viable alternative to more tradi- 
tional techniques. 

Induction of anaesthesia with ketamine alone 
results in an increase in AP and HR after intubation 
that could be deleterious in patients with cardiac or 
cerebrovascular disease. We restricted our study to 
patients without cardiac or cerebrovascular disease, 
as we did not feel it medically safe to use ketamine 
as the sole induction agent in such patients. 
Consequently, we cannot say with absolute certainty 
that ketamine with alfentanil could provide superior 
haemodynamic stability in the more debilitated pop- 
ulation; however, results obtained in previous studies 
with thiopental, ketamine and thiopental—fentany] 
showed little difference in haemodynamic response 
between healthy patients and those with cardiac dis- 
ease.’ ””**’ Therefore, it seems likely that this would 
also be the case for ketamine—alfentanil. 

Benzodiazepines, barbiturates, potent inhalation 
anaesthetic agents” and fentanyl’ reduce or elimi- 
nate the incidence of hallucinations and delirium 
caused by ketamine. We do not find it surprising, 
therefore, that our study, which included potent 


Table 3 Age, weight, duration of surgery and recovery room time in the five groups (mean (sp or 


range)). No significant differences 


Group 2 

Group 1 Ketamine + 

Ketamine alfentanil 

alone 10 pg kg“ 
Age (yr) 41.4(18-80) 40.0(19-80) 
Weight (kg) 79.6(13.4)  72.6(16.0) 
Case duration (min)  160(79 9) 186(117) 
Recovery room (min) 122(36.8) 135(95.8) 





Group 3 Group 4 Group 5 
Ketamine + Ketamine + Ketamine + 
alfentanil alfentani] alfentanil 
20 pg kg” 30 pe kg” 40 pg kg” 
46.3(18-78)  43.8(21-68)  44.4(20-74) 
74.3(17.0) 80.0(15.2) 81.5(20.6) 
168(94.2) 162(82.3) 187(89.1) 
131(60.3) 121(38.2) 124(40.0) 
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inhalation agents in every case and alfentanil in most, 
showed no incidence of hallucinations, dysphoria or 
postoperative delirium. 

In summary, induction of anaesthesia with keta- 
mine and alfentanil 30—40 pg kg’ provided haemo- 
dynamic stability superior to that obtained with 
ketamine alone and comparable with that seen in 
previous studies with either thiopental—fentanyl or 
ketamine-fentanyl, with little or no postoperative 
dysphoria or emergence delirium and no patient 
complaints regarding anaesthesia. 
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Effect of i.v. ketamine in combination with epidural bupivacaine or 
epidural morphine on postoperative pain and wound tenderness after 


renal surgery 


S. ILKJÆR, L. NIKOLAJSEN, T. M. HANSEN, M. WERNBERG, J. BRENNUM AND J. B. DAHL 


Summary 


We studied 60 patients undergoing operation on 
the kidney with combined general and epidural 
anaesthesia, in a double-blind, randomized, con- 
trolled study. Patients were allocated to receive a 
preoperative bolus dose of ketamine 10 mg i.v., 
followed by an i.v. infusion of ketamine 10 mg h” 
for 48 h after operation, or placebo. During the 
first 24 h after surgery, all patients received 4 ml 
h” of epidural bupivacaine 2.5 mg mI“. From 24 
to 48 h after operation, patients received 
epidural morphine 0.2 mg h” preceded by a 
bolus dose of 2 mg. In addition, patient-con- 
trolled analgesia (PCA) with i.v. morphine (2.5 
mg, lockout time 15 min) was offered from 0 to 
48 h after operation. Patients who received keta- 
mine felt significantly more sedated at 0-24 h, 
but not at 24-48 h after operation, compared 
with patients who received placebo (P=0.002 and 
P=0.127, respectively). There were no significant 
differences in pain (VAS) at rest, during mobiliza- 
tion or cough, PCA morphine consumption, sen- 
sory block to pinprick, pressure pain detection 
threshold assessed with an algometer, touch 
and pain detection thresholds assessed with von 
Frey hairs, peak flow or side effects other than 
sedation. The power of detecting a reduction in 
VAS scores of 20 mm in our study was 80% at the 
5% significance level. We conclude that we were 
unable to demonstrate an (additive) analgesic or 
opioid sparing effect of ketamine 10 mg h” i.v. 
combined with epidural bupivacaine at 0-24 h, 
or epidural morphine at 24-48 h after renal 
surgery. (Br. J. Anaesth. 1998; 81: 707-712). 


Keywords: anaesthetic techniques, epidural; anaesthetics 
iv, ketamine; anaesthetics local, bupivacaine; analgesics 
opioid, morphine; pain, postoperative; surgery, urological 


Ketamine has been used as an analgesic for more 
than 30 yr. For many years its mechanism of action 
was disputed but it is now generally agreed that one 
mechanism is specific binding to the phencyclidine 
site of the N-methyl-p-aspartate (NMDA) receptor 
ion channel. 

In experimental studies, the NMDA receptor was 
found to play a significant role in injury-induced 
spinal hypersensitivity.’ This sensitization of the cen- 
tral nervous system may account for significant post- 
operative pain.” The development of chronic 
neuropathic pain has also been related to activation 
of the NMDA receptor.” Experimental and clinical 
studies have demonstrated that block of the NMDA 


receptor before or during injury may prevent o 
reduce the development of central sensitization” 
and NMDA receptor block after injury can reduce or 
abolish central sensitization that has already been 
established. ”® 

Previous studies indicate that NMDA receptor 
antagonists potentiate the effects of other analgesics, 
such as morphine,’ local anaesthetics” and 
NSAID.” The mechanism of this potentiation may 
include reduced development of tolerance to opi- 
oids” and reduced tachyphylaxis to local anaesthet- 
ics.” As an NMDA receptor antagonist, ketamine 
may produce additive or synergistic effects with “bal- 
anced” treatment of postoperative pain. 

The aim of our study was to investigate the effect 
of low-dose i.v. ketamine in combination with 
epidural bupivacaine and epidural morphine on pain 
and wound tenderness after renal surgery. 


Patients and methods 


We studied 60 patients undergoing elective neph- 
rectomy or operation on pelvic structures 
(Hynes—Anderson operation), procedures with a 
similar lateral approach. Informed written consent 
was obtained from all patients and approval was 
obtained from the local Ethics Committee and the 
Danish National Board of Health. Patients were 
recruited from the Department of Urology, Skejby 
Sygehus, Aarhus University Hospital, during the 
period October 1994 to September 1996. Patients 
with a history of drug or alcohol abuse, chronic pain 
or daily intake of analgesics, with contraindications 
to insertion of epidural catheters, and those unable to 
cooperate, were not included. 

The study was double-blind, randomized and 
placebo-controlled. The study drugs (ketamine 10 
mg ml") and placebo (isotonic saline) were prepared 
under sterile conditions by the hospital pharmacy in 
identical containers, marked with the name of the 
project, the investigator’s name and consecutive 
patient numbers. 

One hour before surgery, patients received 
diazepam 5-10 mg orally as premedication. Before 
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induction of general anaesthesia, an epidural catheter 
was inserted between the T8-T9 interspace, and 
tested with lidocaine 20 mg ml” with epinephrine 
3+2 ml. A bolus dose of 8 ml of bupivacaine 5 mg 
ml’ was administered, followed by continuous 
infusion of 5 ml h” of bupivacaine 5 mg mI“ 
throughout the operation, using a Pharmacia Deltec 
pump. 

General anaesthesia was induced with fentanyl 0.2 
mg, thiopental 3-7 mg kg’ and midazolam 5 mg. 
Atracurium 0.5 mg kg” was used to facilitate orotra- 
cheal intubation, followed by infusion of atracurium 
0.5 mg kg’ h` for neuromuscular block. General 
anaesthesia was maintained with isoflurane up to a 
maximum of 1% and 66% nitrous oxide in oxygen. 
After induction of general anaesthesia, patients were 
allocated randomly to receive a bolus dose of keta- 
mine 10 mg i.v. before surgical incision, followed by 
continuous i.v. infusion of ketamine 10 mg h“ or 
placebo for 48 h after operation, using a Pharmacia 
Deltec pump. No other analgesics were administered 
during operation. 

Infusion of dopamine 3 pg h” was started before 
surgery and continued throughout operation to opti- 
mize renal perfusion. Hypotension during and after 
operation was treated with i.v. infusion of isotonic 
sodium chloride, ephedrine 5 mg i.v. or increased 
doses of dopamine if considered necessary by the 
anaesthetist. Fluid and blood losses were replaced 
according to the standard prescriptions of the 
department. After operation, neuromuscular block 
was antagonized with glycopyrrolate 0.5 mg and 
neostigmine 2.5 mg. All patients were observed for at 
least 5 h after operation in the recovery unit. 


POSTOPERATIVE ANALGESIA 


For the first 24 h after surgery, patients received a 
continuous infusion of 4 ml h” of epidural bupiva- 
caine 2.5 mg ml”. From 24 to 48 h after operation 
they received epidural morphine 0.2 mg h° preceded 
by a bolus dose of 2 mg. In addition, patients were 
offered patient-controlled analgesia (PCA) with 
morphine (2.5 mg, lockout time 15 min) for 0—48 h 
after operation, using a Pharmacia Deltec CADD- 
PCA ambulatory infusion pump. Except for keta- 
mine-placebo, as described above, no other 
analgesics were administered. 


POSTOPERATIVE RECORDINGS AND PAIN ASSESSMENTS 


Pain scores on a visual analogue scale (VAS, 
0 mm=no pain, 100 mm=worst pain imaginable) at 
rest, during mobilization from the supine to the sit- 
ting position and during cough were assessed by 
patients at 4, 6, 8, 22, 24, 26, 28, 30, 32, 46 and 48h 
after operation. The number of PCA morphine doses 
used was recorded at the same times. Levels of sen- 
sory block to pinprick bilaterally were assessed at 4, 8 
and 22 h after operation. 

Pressure pain detection threshold was determined 
2 cm caudal to the middle of the surgical incision 
with a hand-held electronic pressure algometer 
(Somedic AB, Sweden) before operation and at 6, 
22, 30 and 46 h after operation. The stimulation 
probe has a circular tip of 6 mm (0.28 cm’) and is 
connected to a pressure transducer built into the 
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gun-shaped handle. The signal from the pressure 
transducer is amplified in a main unit, and the 
applied pressure is shown (in kPa) on a digital dis- 
play. A display consisting of horizontal light bars 
indicates if the applied pressure is above or below a 
preset rate (20 kPa s” in this study). When the pres- 
sure pain detection threshold (defined as the mini- 
mal pressure (force) which induces pain) was 
reached, the subject was instructed to activate a 
push-button, which freezes the digital display. Three 
determinations with an interval of 30 s were made at 
each assessment, and a mean calculated. 

Pain sensitivity was assessed before operation, and 
at 6, 22, 30 and 46 h after operation, with von Frey 
hairs, consisting of nine monofilaments (numbered 
1-9) of variable diameter calibrated to deliver a spe- 
cific force of 0.5-16 g on the skin. Touch detection 
threshold and pain detection threshold were assessed 
by applying von Frey hairs of increasing force to the 
skin 10 cm distal to the middle of the surgical inci- 
sion. At the first test the region was marked. Patients 
were instructed to tell when touch was first detected, 
and when the stimulus became uncomfortable. If 
touch or pain detection thresholds exceeded 16 g 
(hair No. 9), this was registered with the No. 9.8. 
Each threshold was assessed three times, with an 
interval of 30 s and a mean calculated. 

Peak flow (litre min™) was determined with a peak 
flow monitor (Spiropharma, Copenhagen) before 
operation, and at 6, 22, 30 and 46 h after operation 
with the patient in the sitting position. Three deter- 
minations with an interval of 30 s were made at each 
assessment and a mean calculated. 

Side effects were recorded at 4, 6, 8, 22, 24, 26, 28, 
30, 32, 46 and 48 h after operation. Sedation was 
assessed by patients using a visual analogue scale 
with the descriptors “fully awake” (0 mm) and 
“almost sleeping” (100 mm). Dreams were regis- 
tered as none, pleasant or unpleasant. Nausea was 
registered as none, light, moderate or severe. The 
number of vomits (> 100 ml) was registered. Itching 
was registered as none, light, moderate or severe. 

All assessments were made by three authors (S. I., 
L. N. and T. M. H.), with a maximum of two persons 
for each patient. 


STATISTICAL ANALYSIS 


The sample size was based on a power calculation 
which showed that 24 patients per group were neces- 
sary to achieve 80% power to detect a difference of 
20 mm (VAS) in pain scores between patients treated 
with ketamine compared with placebo, with 
alpha=0.05 (two-tailed). Based on these values we 
decided to include 30 patients in each group. 

Data are presented as medians, with upper and 
lower quartiles. Statistical analyses were performed 
using Fisher’s exact test, the Mann-Whitney rank 
sum test for unpaired data and non-parametric two- 
way ANOVA for repeated measurements, where 
appropriate. If multiple testing was performed, sig- 
nificant P values were corrected with a Bonferroni 
test for repeated measurements. P<0.05 was consid- 
ered statistically significant. Calculations were per- 
formed using Statgraphics Plus 7.0 under Windows 
95, on a Pentium PC (150/LS-AWARD-PB/16M 
SIMM).. : 
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Table 1 Patient and operative data (median (lower and upper 
quartiles) or number). No significant differences 





Ketamine Placebo 
Sex (M/F) (13/11) (16/12) 
Age (yr) 50 (43-68) 55 (50-65) 
Height (cm) 175 (168-180) 172 (165-180) 
Weight (kg) 75 (70-83) 75 (67-80) 
Nephrectomy/Hynes— 19/5 26/2 
Anderson 
Duration of surgery (min) 175 (140-198) 150 (118-183) 
100 
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Figure 1 Median (upper and lower quartiles) visual analogue 
scale (VAS) pain scores during epidural infusion of bupivacaine 
10 mg h“ (0-24 h after surgery) and epidural infusion of 
morphine 0.2 mg h“ (24-48 h after surgery) in patients who 
received ketamine 10 mg h” i.v. or placebo. Pain scores were 
assessed at rest, when moving from the supine to the situng 
position and during cough. No significant differences between 
groups. 


Results 


Of the 60 patients studied, eight were excluded; 
therefore, there were 24 patients in the ketamine 
group and 28 in the placebo group.- Reasons for 
exclusions were: displacement of the epidural 
catheter (two patients); change of operation type 
(two patients); wish to withdraw from the study (two 
patients); and inclusion criteria not fulfilled (two 
patients). 

Patient characteristics and operative data are 
shown in table 1. 


POSTOPERATIVE RECORDINGS AND PAIN ASSESSMENTS 


There were no significant differences between groups 
for VAS scores at rest, during mobilization from the 
supine to the sitting position, or during cough at any 
time (P>0.05) (fig. 1): The number of PCA mor- 
phine doses used was not significantly different 
between groups at 0-24 h after operation (ketamine 
nine, placebo 12 doses; P=0.26) or at 24-48 h after 
operation (ketamine 2.5, placebo 3.5 doses; P=0.96). 
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Figure 2 Median (upper and lower quartiles) pressure pain 
detection threshold (PPDT) 2 cm distal from the middle of the 
surgical incision in patients who recerved ketamine 10 mg h” i.v. 
or placebo. 0 h=Before surgery; 6 h and 22 h=during epidural 
infusion of bupivacaine 10 mg h`; 30 h and 46 h=during epidural 
infusion of morphme 0.2 mg h`. No sigmficant differences 
between groups. 


Table 2 Touch detection threshold determined with von Frey 
hair 10 cm distal to the middle of the surgical incision ın patients 
receiving ketamine 10 mg h` i.v. or placebo. Von Frey hairs of 
increasing diameters were assigned increasing numbers, from 

1 (0.5 g) to 9 (16 g). If touch or pain detection thresholds 
exceeded 16 g (hair No. 9), this was registered with the number 
9.8. Values are median (lower and upper quartiles). No significant 
differences 


Ketamine Placebo 
Preop. 2.3 (2-3.3) 3 (2-37) 
6 h postop. 3.9 (3-4.9) 4.5 (3-6) 
22 h postop. 3.7 (3-5) 4 (3.3-6.3) 
30 h postop. 3.3 (2.3-4) 3.3 (2.3-4) 
46 h postop. 2.9 (2.3-3.7) 3.3 (2-4) 


Table3 Pain detection thresholds determined with von Frey hair 
10 cm distal to the middle of the surgical incision in patients 
receiving ketamine 10 mg h” Lv. or placebo. Von Frey hairs of 
increasing diameters were assigned increasing numbers, from 

1 (0.5 g) to 9 (16 g). If touch or pain detection thresholds 
exceeded 16 g (hair No. 9), this was registered with the number 
9.8. Values are median (lower and upper quartiles). No significant 
differences 


Ketamine Placebo 
Preop. 6 (5.2-7.5) 5.3 (4.3-6.7) 
6 h postop. 7.7 (6.7-9.8) 8.8 (6.2-9.8) 
22 h postop. 7 (6-9) 7.7 (6.3-9.8) 
30 h postop. 6.3 (5.3-8) 6.3 (5.3-9) 
46 h postop. g 6 (5.3-7) 5,7 (5-7.3) 


The level of sensory block to pinprick was not differ- 
ent between groups at any time (P>0.21). The levels 
were between T4 and L2 in both groups. 

There were no significant differences between 
groups for pressure pain detection thresholds 
(P>0.05) (fig. 2), von Frey hair touch and pain detec- 
tion thresholds (P>0.23 for both thresholds) (tables 
2, 3) or peak flow (P>0.5 for all assessments) at any 
time. The level of sedation was significantly higher in 
the ketamine group compared with the placebo 
group at 0—24 h after operation (P=0.002) but not at 
24—48 h (P=0.127) (fig. 3). Two patients in the keta- 
mine and one in the placebo group experienced 
psychomimetic side effects; one patient in each 
group had unpleasant dreams (P=0.55). There were 
no significant differences between groups for nausea 
(P>0.15), number of vomits (P>0.22) or itching 
(P>0.19). 
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Figure 3 Median (upper and lower quartiles) visual analogue 
scale (VAS) sedation scores (0=fully awake, 100=almost sleeping) 
in patients who recerved ketamune 10 mg h” i.v. or placebo. 
0-24 h=during epidural infusion of bupivacaine 10 mg h“ 
(P=0.002); 24-48 h=during epidural fusion of morphine 
0.2 mg h“ (P=0.127). 


Discussion 


We found that patients who received ketamine 10 mg 
h” iv. for 48 h after urological surgery felt signifi- 
cantly more sedated at 0-24 h after operation (dur- 
ing epidural analgesia with bupivacaine 10 mg h”), 
but not at 24—48 h after operation (during epidural 
analgesia with morphine 0.2 mg h”) compared with 
patients receiving placebo. There were no significant 
differences between groups in pain scores, PCA mor- 
phine consumption, sensory block to pinprick, pres- 
sure pain detection threshold and von Frey hair 
thresholds at surgical incision, peak flow or side 
effects. Consequently, we were unable to demon- 
strate additional analgesic (spinal) effects of low-dose 
i.v. ketamine in combination with epidural local 
anaesthetic or epidural morphine, but only mild 
supra-spinal effects (sedation). 

Much of the pharmacological knowledge of the 
analgesic effect of ketamine is new, although the 
drug has been used for postoperative analgesia for 
several years. Only a few randomized, double- 
blind, placebo-controlled studies have been pub- 
lished.” 7777 Right placebo-controlled studies 
investigated the effect of i.v. or i.m. ketamine on post- 
operative pain,””” seven of which showed an anal- 
gesic effect. One of the first studies found that a 
single dose of ketamine 0.44 mg kg” i.m. produced 
analgesia with a mild degree of sedation and dizzi- 
ness after orthopaedic surgerylaparotomy.” In 
another study, 60 patients were allocated randomly 
to receive either i.v. morphine 1 mg h”, ketamine 
50 mg h`” or placebo for 6 h after major, non-specified 
surgery. Morphine produced superior pain relief for 
the first 3 h, but ketamine was equally effective sub- 
sequently, and more effective than placebo.” Lv. ket- 
amine (bolus of 30 mg followed by an i.v. infusion of 
1 mg min” for 8 h) was compared with placebo dur- 
ing postoperative ventilator treatment after major 
abdominal surgery. The placebo group received sig- 
nificantly more supplementary analgesia than 
patients receiving ketamine.” Roytblat and col- 
leagues found that the time to first request for mor- 
phine was increased and total demand for 
supplementary postoperative morphine was reduced 
when a single dose of ketamine 0.15 mg kg” i.v. was 
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added to a standardized general anaesthetic in 
patients undergoing cholecystectomy.” Similar 
results were observed in Caesarean section patients 
where the time to first demand of morphine was 
increased and total morphine consumption over 24 h 
was reduced when general anaesthesia was induced 
with ketamine 1 mg kg’ compared with induction 
with thiopental 4 mg kg’.” In a recent study of 20 
patients undergoing nephrectomy, a bolus dose of 
ketamine 0.5 mg kg” i.v. followed by a continuous 
infusion of 2 pg kg’ min™ reduced pain and PCA 
morphine consumption during the first few post- 
operative hours compared with placebo. Further, 
hyperalgesia around the surgical wound was reduced 
1, 3 and 7 days after operation in patients receiving 
ketamine.” Javery and colleagues” showed that addi- 
tion of ketamine 1 mg mI” to morphine 1 mg mI" as 
iv. PCA (1 mi with lockout period of 6 min) 
improved analgesia and reduced side effects com- 
pared with morphine 1 mg mI" alone.” Finally, mor- 
phine 1 mg h” with ketamine 5, 10 or 20 mg h”, or 
placebo, was given as an i.v. infusion for 24 h after 
upper abdominal surgery in 40 elderly patients. 
Ketamine did not significantly improve analgesia, but 
higher doses increased the incidence of postoperative 
dreaming.” 

Varying doses of ketamine (4-30 mg) have been 
administered epidurally, but few were investigated in 
randomized, double-blind, placebo-controlled stud- 
ies. One study found no improved analgesic effect of 
epidural ketamine compared with placebo™ and 
another found ketamine to potentiate the analgesic 
effect of epidural morphine, but to have no analgesic 
effects on its own.” The combination of epidural ket- 
amine and bupivacaine reduced onset time and 
increased the level of sensory block,” improved anal- 
gesia,” increased time to first analgesia and reduced 
analgesic consumption” compared with bupivacaine 
alone, or was found to have no effect on postopera- 
tive pain.” : 

The dose regimen chosen in our study was based 
on results from previous studies. Thus ketamine 0.15 
mg kg’ reduced secondary hyperalgesia caused by 
burn injury in human volunteers with acceptable side 
effects.” A single dose of ketamine 0.15 mg kg” 
reduced pain and analgesic requirements after chole- 
cystectomy,” and Edwards and colleagues observed 
unacceptable side effects with doses of i.v. ketamine 
that were higher than 10 mg h`.” 

Lv., and not epidural, administration was chosen 
in our study because the potential neurotoxic effect 
of long-term epidural infusion of ketamine has not 
been evaluated fully and ketamine has a local anaes- 
thetic effect” which could interfere with the interpre- 
tation of our study. The postoperative regimen was 
designed to investigate if i.v. ketamine potentiated 
either epidural bupivacaine, epidural morphine, or 
both. 

The dose and route of administration (i.v.) used in 
our study differed from previous combination studies 
with significant analgesic effects of ketamine. Thus in 
the studies with epidural local anaesthetic,” “” keta- 
mine was administered epidurally in higher doses. 
Similarly, morphine and ketamine were administered 
epidurally in the study of Wong and colleagues” and 
this may explain the different results. Furthermore, 
the additional analgesic effect of ketamine in the above 
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studies could be related to a local anaesthetic 
effect of ketamine, and not necessarily to block of the 
NMDA receptor. 

The results of our study are in agreement with 
those of Edwards and colleagues” and similar to 
those of Stubhaug and colleagues” where a compara- 
ble dose regimen of ketamine resulted in only a mod- 
est and short lasting effect on pain and analgesic 
consumption, and no effect on pressure pain thresh- 
olds at the wound site. Reduction of the area of 
mechanical hyperalgesia around the surgical wound 
on postoperative days 1, 3 and 7 observed by 
Stubhaug and colleagues in patients treated with ket- 
amine may reflect reduced sensitization of central 
nociceptive neurones.” However, this did not lead to 
reduced pain intensity, as measured by VAS, or 
reduced morphine consumption, and the clinical 
implication of this finding remains to be evaluated.” 
We were unable to demonstrate any effects of keta- 
mine on von Frey hair thresholds 10 cm from the 
surgical incision during epidural infusion with either 
bupivacaine or morphine. The discrepancy between 
our findings and those of Stubhaug and colleagues” 
may be because we investigated von Frey hair thresh- 
olds at some distance from the surgical wound and 
not at the area of hyperalgesia surrounding the 
wound. Thus a potential area of hyperalgesia around 
the wound in our patients may not have included the 
area where we performed our assessments. 

In summary, an i.v. bolus dose and continuous 
infusion of ketamine did not reduce postoperative 
pain but increased side effects in the form of 
increased sedation during the first 24 h after opera- 
tion. It is likely that a higher dose of i.v. ketamine 
would provide increased analgesia but it is not known 
if this could be achieved without unacceptable side 
effects. 
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Neonatal outcome and mode of delivery after epidural analgesia for 
labour with ropivacaine and bupivacaine: a prospective meta-analysis 


W. D. R. WRITER, R. STIENSTRA, J. M. EDDLESTON, S. P. GATT, R. GRIFFIN, B. B. GUTSCHE, 
T. H. Joyce, C. HEDLUND, K. HEEROMA AND D. SELANDER 


Summary 

In this prospective meta-analysis, we have evalu- 
ated the effect of epidural analgesia with ropiva- 
caine for pain in labour on neonatal outcome and 
mode of delivery compared with bupivacaine. In 
six randomized, double-blind studies, 403 labour- 
ing women, primigravidae and multiparae, 
received epidural analgesia with ropivacaine or 
bupivacaine 2.5 mg ml”. The drugs were admin- 
istered as intermittent boluses in four studies and 
by continuous infusion in two. Apgar scores, neu- 
rological and adaptive capacity scores (NACS), 
degree of motor block and mode of delivery were 
recorded. The studies were designed prospec- 
tively to fit meta-analysis of the pooled results. 
Results showed similar pain relief and consump- 
tion of the two drugs. In the vaginally delivered 
neonates, NACS scores were approximately 
equal for both groups at 2h, but at 24h there 
were fewer infants with NACS less than 35 in the 
ropivacaine compared with the bupivacaine 
group (2.8% vs 7.6%; P< 0.05). Spontaneous vagi- 
nal deliveries occurred more frequently overall 
with ropivacaine than with bupivacaine (58% vs 
49%; P<0.05) and instrumental deliveries (forceps 
and vacuum extraction) less frequently (27% vs 
40%; P<0.01), while the frequency of Caesarean 
section was similar between groups. The intensity 
of motor block was lower with ropivacaine. There 
were no significant differences in adverse events. 
(Br. J. Anaesth. 1998; 81: 713-717). 


Keywords: anaesthetics local, ropivacaine; anaesthetics 
local, bupivacaine; analgesic techniques, epidural; analgesia, 
obstetric 


Epidural administration of local anaesthetics, with or 
without opioids, is commonly used for the relief of 
pain in labour. Although effective and safe for the 
mother and fetus,'” obstetric epidural analgesia may 
be associated with prolonged labour and increased 
incidence of instrumental deliveries and Caesarean 
section for dystocia.” * This has been attributed to the 
reduced muscle power and relaxed pelvic diaphragm, 
which result from concomitant motor block.” 
Ropivacaine is a new long-acting local anaesthetic, 
chemically homologous to bupivacaine and mepiva- 
caine, but manufactured as the pure S-enantiomer, 
whereas the others are racemic mixtures, Preclinical 
studies demonstrated less central nervous and car- 
diovascular toxicity than with bupivacaine,’ findings 
later confirmed in human volunteers.** The analgesic 


potency of ropivacaine is similar to that of bupiva- 
caine, while motor block is less pronounced and of 
shorter duration.” ® This separation between motor 
and sensory block suggests that ropivacaine would be 
well suited for obstetric pain relief. 

In this article we report a meta-analysis, based on 
the pooled results of six randomized, double-blind 
studies. The studies were designed prospectively to fit 
meta-analysis of neonatal outcome and mode of 
delivery, and to compare the efficacy and safety of 
epidural ropivacaine and bupivacaine 2.5 mg ml" 
when used for pain relief in labour’ ™™ (note that 
Eddelston and colleagues” includes two studies). 
Objectives, variables to be compared and the studies 
included in the meta-analysis were specified in a for- 
mal protocol written before patient recruitment in 
any of the studies was finalized. 

The main objective was to compare the effects of 
ropivacaine and bupivacaine on neonatal adaptation, 
evaluated by the neurological and adaptive capacity 
scores (NACS") during the first 24h of life. 
Secondary objectives included comparison of the 
effects of ropivacaine and bupivacaine on delivery 
outcome, measured by the frequency of spontaneous 
delivery, and incidence of instrumental deliveries and 
Caesarean section. Although current practice in most 
centres is to use low-dose bupivacaine with an opi- 
oid, this study compared the efficacy and profile of 
ropivacaine with that of bupivacaine, both without 
opioids. 

The underlying six double-blind studies all 
showed that both drugs provided effective pain relief 
in labour.” 


Patients and methods 


After obtaining approval from the respective 
Research and Ethics Committees, we undertook six 
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randomized, double-blind, multicentre studies of 
pain relief in labour with epidural ropivacaine or 
bupivacaine 2.5 mgml’, administered in equal 
doses. Healthy, primigravid and multiparous ASA I 
or II women, aged 18—40 yr and in spontaneous 
active labour with a singleton fetus at term partici- 
pated in the studies after giving written informed 
consent. Estimated fetal weight in all patients was at 
least 2500 g. 

The study drug was administered epidurally either 
as intermittent bolus doses (top-ups) or as a continu- 
ous infusion. Epidural catheters were inserted via an 
appropriate lumbar interspace at LI-L4. In four 
studies, after excluding intravascular—subarachnoid 
placement of the epidural catheter, patients received 
10 ml of epidural ropivacaine or bupivacaine 
2.5 mg mI’ in 5-ml aliquots. If necessary, an addi- 
tional 5-ml dose was given to secure analgesia. 
Subsequent top-up doses of 10 ml were given on 
patient request at the investigator’s discretion until 
delivery, or to a maximum of 8 top-ups (i.e. a maxi- 
mum total dose of 237.5 mg). In two studies, the 
study drug was given by continuous infusion, after an 
initial dose of 10-15 ml. The infusion rate was 
adjusted within the range 6-12 mlh” to provide 
optimal pain relief, and supplementary boluses of up 
to 12 ml of study drug were given as needed at the 
investigator’s discretion. The maximum total dose 
permitted in these studies was 450 mg in 24 h. 

The study allowed subjects to receive pethidine 
(maximum 125 mg) for analgesia, at least 1 h before 
administration of the study drug. No concurrent 
analgesics, other than nitrous oxide, were allowed 
during the administration period, which lasted until 
delivery. Obstetric management was undertaken 
according to the clinical routines of each study cen- 
tre, and participants received oxytocin for induction 
or augmentation of labour as indicated. 

The following clinical assessments were made: 
Apgar scores at 1 and 5 min after birth, NACS at 
240.5 h and 2442 h after delivery, degree of mater- 
nal motor block and mode of delivery. NACS is a 
screening test to detect central nervous system 
depression caused by drugs and to differentiate such 
effects from those seen after birth trauma or perinatal 
asphyxia, or both. NACS assesses 20 criteria in five 
basic areas: active tone, adaptive capacity, general 
assessment, passive tone and primary reflexes. Each 
criterion is scored 0-2, depending on whether or not 
the neonate’s response is absent or grossly abnormal 
(0), mediocre or slightly abnormal (1) or normal (2). 
A total NACS of 35—40 indicates a neonate not 
affected by drugs administered during labour. 

Neonates were excluded from NACS assessments 
if birth weight was less than 2500 g, if the mother 
had received other medications than those permitted 
in the protocol, and if they were delivered by 
Caesarean section or forceps delivery (other than 
outlet forceps or vacuum extraction). 

Mode of delivery was recorded as normal (sponta- 
neous vertex), forceps, vacuum extraction or 
Caesarean section. Motor block was assessed every 30 
min until return of normal motor function, according 
to a modified, four-grade Bromage scale: 0=no motor 
block, 1=inability to raise extended legs (able to move 
knees and feet), 2=inability to flex knees (able to 
move feet only) and 3=complete paresis of leg and 
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foot. The highest degree of motor block reached dur- 
ing the study was recorded for each patient. 

Adverse events were defined as any unfavourable, 
unintended event (e.g. signs, symptoms) associated 
in time with administration of the study drug 
(including during the following 14 days), whether or 
not they were considered to be related to the drug. 
Adverse events were recorded during labour, daily 
during hospitalization and at follow-up by telephone 
2-3 weeks after delivery. Adverse events were 
recorded separately for mother, fetus and neonate. 


STATISTICAL ANALYSIS 


At least 135 patients per treatment group were 
required to detect a difference of at least 2 points in 
total NACS between treatment groups (power of 
90% and a significance level of 5%, assuming an sD 
of approximating 5 for both treatments). The vari- 
ables analysed included: Apgar score at 1 and 5 min 
after delivery, NACS at 2 and 24h, proportion of 
neonates with total NACS <35 at 2 and 24h, pro- 
portion of patients (mothers, fetuses and neonates) 
with adverse events, and proportion of cases with a 
normal delivery, instrumental delivery (forceps and 
vacuum extraction) or Caesarean section. In addi- 
tion, the proportion of patients with different maxi- 
mum grades of motor block (0, 1, 2, 3) was analysed 
as a complement to the analysis of mode of delivery. 

The Wilcoxon rank sum test, stratified for study, 
centre and parity, was used to detect differences 
between groups for Apgar scores, total NACS and 
the sum of scores for individual tests within each 
group of tests. The Mantel-Haenszel test, similarly 
stratified, was used for analysis of differences in pro- 
portions between treatment groups. That the tests 
were stratified means that the comparison between 
treatment groups was performed within stratum and 
the strata were thereafter weighed together to obtain 
the pooled results.” Each test of treatment differ- 
ences was two-tailed, and P<0.05 was considered 
statistically significant. 


Results 


We studied 403 patients; 206 in the ropivacaine 
group and 197 in the bupivacaine group. Because of 
technical failure, five and six subjects in the ropiva- 
caine and bupivacaine groups, respectively, were 
excluded. An additional patient in the latter group 
was excluded because she did not receive the study. 
drug. The number of mothers and fetuses/neonates 
valid for analysis of drug consumption, patient char- 
acteristics and adverse events was therefore 201 and 
190 in the ropivacaine and bupivacaine groups, 
respectively. In agreement with the previously 
described exclusion criteria, NACS was analysed in 
147 neonates after ropivacaine analgesia and in 144 
after bupivacaine; 199 ropivacaine recipients and 188 
bupivacaine patients proved valid for analysis of 
Apgar score, mode of delivery and motor block. 
Patient characteristics of the two groups were well 
matched, except for the number of patients who had 
undergone a previous Caesarean section (table 1). 
Nine women in the ropivacaine group and 15 in the 
bupivacaine group underwent a trial of vaginal birth 
after Caesarean section, however, this difference was 


Epidural analgesia with ropivacaine and bupivacaine 


Table 1 Patient characteristics (mean (sp) [range] or number). 
*Previous Caesarean section: nine patients in the ropivacaine 
group and 15 in the bupivacaine group 





Roprvacaine Bupivacaine 
(#=201) (n=190) 
Age (yr) 28 27 
[16-41] [16—41] 
Height (cm) 165 (8) 164 (7) 
[145-184] [150-179] 
Weight (kg) 76 (11) 78 (12) 
[50-110] [52-122] 
Parity (n) 
Primuiparae 125 115 
Muluparae 76* 75* 
ASA group (7) 
180 168 
ef 21 22 
Table2 Study drug consumption 
Ropivacaine Bupivacaine 
0.25% 0.25% 
(#=201) (#=190) 
‘Top-up (mi) (n=124) (m=115) 
Mean (sp) 34.9 (19.4) 38.1 (18.8) 
Range 5 0-95.0 10.0-90.0 
No. of doses (sp) 3.2 (2.0) 3 6 (1.9) 
Continuous infusion (ml) (n=77T) (n=75) 
Mean (sp) 51.2 (23.2) 53.2 (27.6) 
11.5-111.1 12.0-135.0 
Total mean (sp) dose mg 103 (55.8) 110 (59.5) 
Mean (sp) (m!) 41.2 (22.3) 44 1 (23.8) 
Range (ml) 5.0-111.1 10 0-135.0 


not statistically significant. Pethidine was adminis- 
tered to 16 ropivacaine and 21 bupivacaine patients, 
before administration of the study drug, as permitted 
by the protocol. The amount of administered drug 
was similar between groups, with mean total doses of 
103 mg for ropivacaine and 110 mg for bupivacaine, 
corresponding to 41.2 and 44.1 ml, respectively 
(table 2). Time from anaesthetic dose to delivery, and 
duration of labour were also similar between groups 
(table 3). There was no significant difference in oxy- 
tocin administration before delivery between the 
ropivacaine and bupivacaine groups (62 vs 59%, 
respectively). 

At 1 min, median Apgar scores were 9 and 8 in the 
ropivacaine and bupivacaine groups, respectively; at 
5 min, median scores were 9 in both groups. Two 
hours after delivery median NACS was 36 in both 
groups. There were 32 (21.8%) and 37 (25.7%) 
neonates with NACS <35 in the ropivacaine and 
bupivacaine groups, respectively (ns). 
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Table 3 Duration of labour stages. *29 ropivacaine and 21 
bupivacaine patients that underwent Caesarean section are 
excluded. Information regarding tıme to and duration of stage II 18 
missing for two ropivacaine and two bupivacaine patients. 

**]p formation missing for one ropivacaine patient 


Ropivacaine Bupivacaine 
(n=168)* (n=165)* 
Time from main dose to stage H (h) 
Median 4.1 39 
Range 0.25-13 8 01-13 4 
Duration of stage I (h) 
Median 0.6 0.9 
Range 0.0-4.1 0.0-5.8 
Time from main dose to delivery (h) (m=169)** (n=167)** 
Median 5.4 5.2 
Range 0 1-14.8 0.4-13.4 
Table 4 Mode of delivery. *P<0.05, **P<0 01 
Mode of delrvery Ropivacaine Buprvacaine 
(n=199) (n=188) 
Spontaneous vaginal 116 58.3% 92 48 9%* 
Vacuum 26 33 ek 
Forceps 28 27.1% 42 40.0% 
Caesarean section 29 14.6% 21 11.2% 


Twenty-four hours after delivery, median NACS 
were 38 and 37 in the ropivacaine and bupivacaine 
groups, respectively. Total NACS, active tone and 
capacity scores were all significantly higher in the 
ropivacaine group than in the bupivacaine group 
(P<0.05 for each comparison). Four neonates in the 
ropivacaine group (2.8 %) and 11 in the bupivacaine 
group (7.6%) had NACS <35 at 24 h (P<0.05). 

A higher proportion of spontaneous vaginal deliv- 
eries occurred in the ropivacaine group compared 
with the bupivacaine group (58 vs 49%; P<0.05) 
(table 4). The proportion of instrumental deliveries, 
calculated as the sum of forceps deliveries and vac- 
uum extractions, was smaller after ropivacaine than 
after bupivacaine (27 vs 40%; P<0.01). The overall 
percentage of patients who proceeded to Caesarean 
section did not differ between groups. 

The proportion of multiparae was comparable in 
the ropivacaine and bupivacaine groups (38 vs 39%) 
(table 5). Significantly more patients among the multi- 
parae in the bupivacaine group required instrumen- 
tal delivery (28 vs 12%; P<0.05) and the frequency 
of spontaneous vaginal delivery was significantly 
higher in the ropivacaine group (80 vs 64%; P< 0.05) 
(table 5). Because of the skewed distribution between 
treatment groups with respect to the number of pre- 
vious Caesarean sections, we undertook statistical 


Table 5 Mode of delivery by parity, number of patients (%): 38% of ropivacaine patients and 39% of 


bupivacaine patients were multiparous 


Spontaneous 56 45 60 


Ropivacaine 

Primigravidae Multiparae 

(n=124) % (n=75) 
Instrumental 45 36 9 
Caesarean 23 19 6 


secuon 


Bupivacaine 

Prumigravidae Multrparae 
% (m=114) % (n=74) % 
80 45 39 47 64 
12 54 47 21 28 
8 15 13 6 8 
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Maximum level of motor block 


Figure 1 Maximum level of motor block (Bromage score) 
expressed as percentage of patients within groups. The overall 
degree of motor block was lower with ropivacaine (P<0.05). 


analyses of delivery mode by stratifying subjects into 
those who had and had not undergone a previous 
Caesarean section. Among women who had had a pre- 
vious Caesarean section, the frequency of spontaneous 
vaginal delivery was significantly higher in the ropiva- 
caine group (78 vs 33%; P<0.05). Among those multi- 
parae with no previous Caesarean section, 53 (80%) 
of the ropivacaine subjects and 42 (71%) of the bupi- 
vacaine recipients delivered spontaneously (ns). 

The maximum degree of motor block was signifi- 
cantly less among the ropivacaine treated mothers 
than in the bupivacaine group (P<0.05). In the ropi- 
vacaine group, 51% of mothers had no measurable 
motor block (Bromage score=0) during the entire 
study compared with 42% in the bupivacaine group 
(fig. 1). . . 

There were no significant differences in adverse 
events between groups. Among mothers in the ropi- 
vacaine group, hypotension was the most common 
adverse event, reported in 15% of cases, compared 
with 9.5% in the bupivacaine mothers (ns). Poor pro- 
gression of labour was similar between groups (11% 
in the ropivacaine group vs 12% in the bupivacaine 
group; ns). Fetal bradycardia, classified as moderate 
or severe, occurred in 18% of ropivacaine cases and 
19% of bupivacaine recipients. The incidence of 
jaundice, the commonest neonatal adverse event, did 
not differ between groups (9.5% and 10% for ropiva- 
caine and bupivacaine, respectively). 


Discussion 


This meta-analysis focused primarily on the effects 
of epidural analgesia on neonatal outcome using the 
NACS assessment and mode of delivery. One impli- 
cation of the stratified statistical analysis is that dif- 
ferences between individual studies and centres 
regarding drug administration, obstetric policy and 
hospital routines, for example, are eliminated, as 
treatment comparisons were performed within strata 
before the pooled results were obtained. 

Our results showed a small advantage of ropiva- 
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caine, with fewer babies demonstrating NACS <35 at 
24h after birth compared with bupivacaine. 
Although this difference was significant, the clinical 
relevance of this observation is probably small. 
Amiel-Tison and colleagues first described the 
NACS system for evaluating the effects of obstetric 
medication in full-term newborns in 1982. Whereas 
the early neonatal behavioural scale (ENNS), which 
preceded the NACS assessment and also evaluated 
the effects of maternal medication on neonates, con- 
centrated on the newborn’s habituation ability, in 
contrast, NACS places emphasis on motor tone as a 
key indicator of drug-induced abnormal neuro- 
behaviour.” 

No pharmacokinetic analysis was performed in 
our studies, but Datta and colleagues” undertook 
maternal pharmacokinetic analyses in women ran- 
domized to receive either ropivacaine or bupivacaine 
150mg (both as 30 ml of a 0.5% solution) for 
epidural anaesthesia for Caesarean section. They 
found that maternal C,max was similar for ropiva- 
caine and bupivacaine (1.3 and 1.1 mg litre”, respec- 
tively). However, the terminal half-life of ropivacaine 
in plasma was shorter than that for bupivacaine (5.2 
vs 10.9 h). At delivery, mean unbound plasma con- 
centrations of ropivacaine were approximately twice 
those of bupivacaine in both maternal and neonatal 
blood, but well below the concentration at which 
symptoms of maternal CNS toxicity might be 
expected.” All neonates in Datta’s study had normal 
Apgar scores, acid-base values and NACS. 

The significantly greater number of neonates with 
NACS >35 at 24 h after ropivacaine in our study may 
reflect a difference in the persistence of drug within 
the tissues. of the neonate. Ropivacaine has lower 
lipid solubility and a shorter terminal half-life than 
bupivacaine.” °” Thus one can hypothesize that bupi- 
vacaine persists in the neonatal neural tissues longer 
than ropivacaine, such that its subtle changes on neu- 
rological function become evident at a time when the 
effects of ropivacaine have declined. This is sup- 
ported by the lack of neurobehavioural differences at 
2 h, which may suggest that both drugs exist within 
the neonatal nervous system to the extent that their 
effects are indistinguishable during the first hours 
after birth. Experimental support for this hypothesis 
was presented by Rosenberg, Kyttä and Alila who 
found considerably higher uptake of bupivacaine 
than ropivacaine in human epidural fat and rat sciatic 
nerves. The differences in our study may therefore 
reflect the different physicochemical properties of the 
two local anaesthetics, and are not necessarily indica- 
tive of persistent adverse changes. The difference in 
NACS did not predict a less favourable outcome for 
the neonates in either group. 

The use of ropivacaine was associated with a 
greater overall frequency of spontaneous deliveries 
and a lower percentage of instrumental deliveries 
(forceps and vacuum extractions) compared with 
bupivacaine. While it might be argued that the pre- 
ponderance of bupivacaine multiparae who under- 
went instrumental delivery or Caesarean section 
skewed the results in favour of ropivacaine, we 
believe the observed differences between groups, and 
the consistent trend towards more spontaneous 
deliveries in all ropivacaine subjects, merit further 
study, with more standardized obstetric management. 


Epidural analgesia with ropivacaine and bupivacaine 


As the infusion rates and top-up doses of the drugs 
in both groups were individually titrated to provide 
optimal pain relief, and total consumption of local 
anaesthetic was similar between groups, ropivacaine, 
on a dose-for-dose basis, was equieffective with bupi- 
vacaine in its analgesic properties. However, ropiva- 
caine may be more suitable for analgesia in labour 
than bupivacaine because of its less pronounced 
motor block. 

The less pronounced motor block in the ropiva- 
caine group may have enabled more active participa- 
tion and more effective bearing down, resulting in 
the increased incidence of spontaneous vaginal deliv- 
ery. At the same time, a lesser reduction in the tone of 
the pelvic diaphragm might have enabled normal 
rotation of the fetal head during the second stage.’” 
However, Russell and Reynolds, when comparing 
epidural labour pain relief with plain bupivacaine 
1.25 mg ml" or bupivacaine 0.625 mg ml” with low- 
dose fentanyl or sufentanil could not demonstrate a 
difference in spontaneous deliveries between these 
groups, although motor block was significantly lower 
in the latter group.” 

In this study, pain relief with epidural plain ropiva- 
caine 2.5 mg ml!” was found to be similar to that of 
plain bupivacaine 2.5 mg ml”. Recent studies with 
epidural infusions of ropivacaine 2 mg ml” alone, in 
doses of 4-10 ml h”, demonstrated that this solution 
also provides effective analgesia in labour at infusion 
rates of 6-8 ml h`.” 

Ropivacaine is characterised by lower CNS and 
cardiovascular toxicity than bupivacaine at equal 
doses.’ These qualities, and the results described 
above, suggest that ropivacaine is more suitable than 
bupivacaine for epidural analgesia in labour, and that 
further outcome studies, using more dilute solutions, 
should be undertaken. 


Acknowledgements 


We thank M. Joanne Douglas, MD, FRCPC, Sally K. Weeks, MD, 
Jan-Robert Jansson, MD and Marianne Hedstrom, RPh. Financial 
support was provided by Astra Pain Control AB. 


References 


1. Abboud TK, Khoo SS, Miller F, Doan T, Henrikson EH. 
Maternal, fetal, and neonatal responses after epidural anesthe- 
sia with bupivacaine, 2-chloroprocaine, or lidocaine. 
Anesthesia and Analgesta 1982; 61: 638-644. 

2. Eddleston JM, Maresh M, Horsman EL, Young H, Lacey P, 
Anderton J. Comparison of the maternal and fetal effects 
associated with intermittent or continuous infusion of 
extradural analgesia. British Journal of Anaesthesia 1992; 69: 
154-158. 

3. Chestnut DH, Vincent RD, McGrath JM, Choi WW, Bates 
JN. Does carly administration of epidural analgesia affect 
obstetric outcome in nulliparous women who are receiving 
intravenous oxytocin? Anesthesiology 1994; 80: 1193—1200. 

4. Chestnut DH. Effect on the progress of labor and method of 
delivery. In Chestnut DH, ed. Obstetric Anesthesia: Principles 
and Pracace. St Louis: Mosby Year Book, 1994; 403-419. 

5. Howell CJ, Chalmers I. A review of prospectively controlled 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


717 


comparisons of epidural with non-epidural forms of pain 
relef during labor. International Journal of Obstetric Anesthesia | 
1992, 1: 93-110. 


. Thorp JA, Parisi VM, Boylan PC, Johnston DA. The effect of 


continuous epidural analgesia on cesarean section for dystocia 
in nulliparous women. American Journal of Obstetrics and 
Gynecology 1989; 161: 670-675. 


. McClure JH. Ropivacaine. Brush Journal of Anaesthesia 1996; 


76: 300-307. 


. Scott DB, Lee A, Fagan D, Bowler GMR, Bloomfield P, 


Lundh R. Acute toxicity of ropivacaine compared with that of 
bupivacaine. Anesthesia and Analgesia 1989; 69: 563-569. 


. Knudsen K, Beckman M, Blomberg S, Sjovall J, Edvardsson 


N. Central nervous and cardiovascular effects of i.v. infusions 
of ropivacaine, bupivacaine and placebo in volunteers. Brinsh 
Journal of Anaesthesia 1997; 78: 507-514. 


. Zaric D, Nydahl P-A, Philipson L, Samuelsson L, Heiergon A, 


Axelsson K. The effect of continuous lumbar epidural infusion 
of ropivacaine (0.1%, 0.2%, and 0.3%) and 0 25% bupiva- 
caine on sensory and motor block in volunteers. A double- 
blind study. Regional Anesthesia 1996; 21: 14-25. 

Stienstra R, Jonker TA, Bourdrez P, Kuipers JC, Van Kleef 
JW, Lundberg U. Ropivacaine 0.25% versus bupivacaine 
0.25% for continuous epidural analgesia in labor a double- 
blind comparison. Anesthesia and Analgesia 1995; 80: 
285-289. 

Eddelston JM, Holland JJ, Griffin RP, Corbett A, Horsman 
EL, Reynolds F. A double-blind comparison of 0.25% roprva- 
caine and 0.25% bupivacaine for extradural analgesia in 
labour. Brush Journal of Anaesthesia 1996; 76: 66-71. 

Muir HA, Writer D, Douglas J, Weeks S, Gambling D, 
Macarthur A. Double-blind comparison of epidural roprva- 
caine 0.25% and buprvacaine 0.25%, for the relief of child- 
birth pain. Canadian Journal of Anaesthesia 1997; 44: 599-604, 
Gatt S, Crooke S, Lockley S, Anderson A, Armstrong P, Alley 
L. A double-blind, randomized, parallel invesngation into the 
neurobehavioural status and outcome of infants born to 
mothers receiving epidural ropivacame 0.25% and bupiva- 
caine 0.25% for analgesia in labour. Anaesthesia and Intensive 
Care 1996; 24: 108-109 (abstract). 

Gaiser RR, Venkateswaren P, Persily EP, Buxbaum J, Cheek 
TG, Joyce TH, Gutsche BB. Comparison of 0.25% ropiva- 
caine and 0.25% bupivacaine for epidural analgesia for labor 
and delivery. Anesthesiology 1995, 83 (Suppl. 3A): A949 
(Abstract). 

Amiel-Tison C, Barrier G, Shnider SM, Levinson G, Hughes 
SC, Stefani SJ. A new neurologic and adaptive capacity scor- 
ing system for evaluating obstetric medications in full-term 
newborns, Anesthesiology 1982; 56° 340-350. 

Hedges LV, Olkin I Statisncal Methods for Meta-Analysis. 
Orlando, FL: Academic Press, 1985; 1-12. 

Zuckerman RL, Cornblath M. Neonatal assessment and 
resuscitation. In: Chestnut DH, ed. Obstetric Anesthesta: 
Principles and Practice. St Louis: Mosby-Year Book, 1994; 
136-159, 

Datta S, Camann W, Bader A, VanderBurgh L. Clinical effects 
and maternal and fetal plasma concentrations of epidural 
ropivacaine versus bupivacaine for Cesarean section. 
Anesthesiology 1995; 82: 1346-1352. 

Rosenberg P, Kyttă J, Alila J. Absorption of bupivacaine, etido- 
caine, lignocaine and ropivacaine into n-heptane, rat sciatic 
nerve, and human extradural and subcutaneous fat. British 
Journal of Anaesthesia 1986; 58: 310-314. 

Naulty JS. Epidural analgesia for labor. In: Norris MC, ed. 
Obstetric Anesthesia. Philadelphia: JB Lippincott, 1993; 
319-340. ” 

Russell R, Reynolds F. Epidural infusion of low-dose buprva- 
caine and opioid in labour. Anaesthesia 1996; 51: 266-273. 
Benhamou D, Hamza J, Eledjam J-J, Dalland P, Palot M, 
Seebacher J, Milon D, Heeroma K. Continuous extradural 
infusion of ropivacaine 2 mg/ml for pain relief during labour. 
British Journal of Anaesthesia 1997; 78: 748-750. 


British Journal of Anaesthesia 1998; 81: 718-722 


Quantitative and selective assessment of sensory block during lumbar 
epidural anaesthesia with 1% or 2% lidocaine 


S. Sakura, M. Sumi, Y. YAMADA, Y. SAITO AND Y. KosaKA 


Summary 

We have examined sensory block during lumbar 
epidural anaesthesia using a cutaneous current 
perception threshold (CPT) sensory testing 
device in 20 patients who received 10 ml of 
either 1% or 2% lidocaine (lignocaine). CPT at 
2000, 250 and 5 Hz stimulation at the trigeminal 
(V), ninth thoracic (T9) and second lumbar (L2) 
dermatomes, and dermatomal levels of block to 
light touch, temperature and pinprick discrimi- 
nation were measured before and every 5 min 
until 60 min after epidural lidocaine. There were 
significant differences between 1% and 2% 
epidural lidocaine in all CPT at T9 and L2, in addi- 
tion to maximal cephalad spread of the three 
sensory modalities. After 2% lidocaine, all CPT 
increased significantly at T9 and L2. In contrast, 
only at 250 and 5 Hz for L2 did epidural block 
with 1% lidocaine produce significant increases 
in CPT. Maximal level of loss of touch sensation 
after 1% lidocaine was significantly lower than 
that of cold and pinprick sensations. We con- 
clude that the dose of lidocaine affected intensity 
of sensory block during lumbar epidural anaes- 
thesia. In addition, differential neural block 
resulting from epidural anaesthesia appeared to 
be associated with a differential effect on nerve 
fibres of different sizes. (Br. J. Anaesth. 1998; 81: 
718-722). 


Keywords: anaesthetic techniques, epidural; anaesthetics 
local, lidocaine; nerve, transmission 


Despite a long history of use of epidural anaesthesia 
in clinical practice, the resultant sensory block has 
been assessed exclusively with the extent of loss of 
cold, pinprick and touch sensations. Most studies 
have relied on data obtained with these relatively 
crude measurements. Thus although it is generally 
thought that increasing dose of local anaesthetic pro- 
duces denser block,” few, if any, quantitative exami- 
nations have been made to evaluate its density. In 
addition, epidural administration of local anaesthetic 
clinically results in zones of differential sensory block 
which are often described as loss of temperature dis- 
crimination and pinprick extending higher than that 
of light touch sensation.** Although this phenome- 
non has been attributed to varying degrees of block 
of nerve fibres of different size, little evidence exists 
to support this relationship. 

Recently, it has become possible to perform quan- 
titative and direct measurement of the functional 
integrity of sensory nerve fibres with the use of cuta- 
neous current perception threshold (CPT) testing.’* 


The electrical stimulus selectively excites distinct 
subpopulations of nerve fibres as a function of sinu- 
soid frequency. Correlations between low-frequency 
stimulation and activation of small nerve fibres and 
between higher frequency stimulation and activation 
of large nerve fibres have been demonstrated with 
thermal perception threshold testing and quantita- 
tive vibration testing, respectively.” CPT are defined 
as the minimum amount of current applied transcu- 
taneously that an individual consciously perceives. 

In this study, we have quantitatively examined how 
lumbar epidural anaesthesia with 10 ml of 1% and 
2% lidocaine (lignocaine) produces sensory block 
using a CPT testing device to see if a difference in 
dose of lidocaine alters the quality of epidural anaes- 
thesia. In addition, we tested the hypothesis that a 
differential decrease in cold, pinprick and touch sen- 
sations is reflected by a differential effect of epidural 
lidocaine on the function of large and small nerve 
fibres. 


Patients and methods 


After obtaining approval from the Institutional 
Review Board and written informed consent, we 
studied 20 unpremedicated ASA I patients present- 
ing for elective gynaecological surgery. None was tak- 
ing regular medications or had evidence of 
neurological disease. 

The study was performed in a quiet room on the 
day of surgery. Non-invasive arterial pressure, heart 
rate and pulse oximetry were monitored continu- 
ously throughout the study. After local anaesthesia 
with 0.1 ml of 1% lidocaine, i.v. infusion of acetated 
Ringer’s solution was started in a hand or forearm 
vein at a rate of 10 ml h° kg”. Patients were then 
placed in the left lateral decubitus position, and the 
skin, subcutaneous tissue and supraspinous ligament 
anaesthetized with 2ml of 1% lidocaine. The 
epidural space was identified using an 18-gauge 
Tuohy needle with the bevel directed cephalad via 
the midline approach at the L1~2 vertebral inter- 
space, and a catheter (Portex) advanced 5 cm into 
the epidural space. The catheter was aspirated to 
exclude intrathecal or i.v. placement and then 
secured. The patient was then returned to the supine 
position. 

Patients were trained to perceive perception 
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thresholds to transcutaneous constant sine wave 
electrical currents at 2000, 250 and 5 Hz with a com- 
mercially available device (Neurometer CPT; 
Neurotron, Inc., Baltimore, MD, USA) before base- 
line measurements began. The current was delivered 
to the skin by a pair of 1-cm diameter gold surface 
electrodes that were separated by 1.7 cm with a clear 
Mylar spreader (Neurotron, Inc., Baltimore, MD, 
USA). The stimulating surface of each electrode was 
covered by a thin layer of electroconductive gel. CPT 
testing was performed at the trigeminal (V; in front of 
the ear), ninth thoracic (T9; above the umbilicus on 
the anterior axillary line) and second lumbar (L2; 
above the knee) dermatomes, on the left side, using 
the rapid screening procedure. Perception thresholds 
at each frequency were determined by increasing the 
current stepwise (controlled by the device) to a 
maximum of 9.99 mA until the patient reported 
sensation. The current was terminated and then 
repeated. The procedure for all three frequencies at 
all test sites required approximately 3—5 min. 

Patients were allocated randomly to one of two 
equal groups to receive 10 ml of 1% lidocaine (group 
I) or 2% lidocaine (group ID). After baseline mea- 
surements were obtained, patients were given the 
local anaesthetic via the epidural catheter, and the 
CPT and dermatomal levels of block to light touch, 
temperature and pinprick discrimination were mea- 
sured every 5 min until 60 min after epidural lido- 
caine by an investigator blinded to the local 
anaesthetic solution injected. Loss of each sensory 
modality was determined by the patient’s verbal 
response to the stimulus applied to the left anterior 
axillary line starting caudad and moving cephalad. 
The dull, hinged end of a sterile safety pin was used 
to examine light touch, an alcohol soaked swab for 
temperature and the sharp tip of a safety pin for pin- 
prick. 

Results are expressed as mean (SD) unless other- 
wise stated. CPT data were converted to %MPE, 
calculated as ((CPT value—baseline)/(cut-off-base- 
line))x100. Continuous variables, including CPT 
data, were compared using repeated measures 
ANOVA, and Dunnet or the Student’s t test for post 
hoc testing. The Mann-Whitney test was used to 
determine differences in the maximum level of sen- 
sory block between groups, and the Friedman test 
and the Wilcoxon signed rank test with Bonferroni’s 
adjustment were used for comparison between the 
three modalities in each group. P<0.05 was consid- 
ered significant. 


Results 


Patient characteristics and baseline CPT did not dif- 
fer between groups (table 1). All patients had CPT 
values within the normal range before administration 
of epidural lidocaine. 

After epidural administration of 2% lidocaine, all 
CPT increased significantly at T9 and L2 (fig. 1). In 
contrast, only at 250 and 5 Hz for L2 did epidural 
block with 1% lidocaine produce significant 
increases in CPT. There were significant differences 
in all CPT at T9 and L2 between 1% and 2% 
epidural lidocaine, the latter producing higher 
%MPE. Neither solution had any effect on CPT at V. 
Epidural anaesthesia using 2% lidocaine produced 
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Table 1 Patient characteristics and baseline current perception 
thresholds (mA) for each site tested (mean (sD or range)). No 
significant differences between groups 





Group I (n=10) Group II (n=10) 

Age (yr) 44.4 (37-49) 41.7 (20-56) 
Weight (kg) 51 3 (4.5) 52.5 (8.6) 
Height (cm) 157 (4) 155 (6) 
Trigeminal 

2000 Hz 1.067 (0 370) 1 099 (0.369) 

250 Hz 0.311 (0.152) 0.207 (0.123) 

5 Hz 0.200 (0.140) 0.139 (0.117) 
T9 (above umbilicus) 

2000 Hz 1.327 (0.415) 1.573 (0 460) 

250 Hz 0.312 (0.107) 0.385 (0 126) 

5 Hz 0.199 (0 121) 0.300 (0 252) 
L2 (above knee) 

2000 Hz 0.889 (0.191) 0.800 (0.276) 

250 Hz 0.307 (0.043) 0 312 (0.121) 

5 Hz 0.162 (0 084) 0 213 (0.130) 





significantly more extensive spread of sensory block 
to any modality than that with 1% lidocaine (fig. 2). 
Maximal level of loss of touch sensation was signifi- 
cantly lower than that of cold and pinprick sensations 
in group I. 

There were no significant changes in arterial pres- 
sure, heart rate or pulse oximetry after epidural block 
with either lidocaine solution. 

After completion of the study, all patients were 
given 10-15 ml of 2% mepivacaine which produced 
satisfactory anaesthesia for surgery. 


Discussion 


We have demonstrated that a difference in dose of 
lidocaine solution altered the quality of lumbar 
epidural anaesthesia. Together with more extensive 
spread of sensory levels, 10 ml of 2% lidocaine pro- 
duced more intense sensory block than the same vol- 
ume of 1% lidocaine, with CPT values increasing to 
a greater degree in patients given the former solution 
at all three frequencies. In addition, epidural anaes- 
thesia with 1% lidocaine resulted in differential sen- 
sory block and a differential effect on nerve fibres of 
different sizes, as measured by a CPT monitor. 

To our knowledge, this is the first comparative 
study demonstrating the intensity of sensory block of 
epidural anaesthesia. Previous studies investigating 
the effects of dose of local anaesthetic on the quality 
of epidural block focused on rate of onset, degree of 
motor block and duration. For example, Scott and 
colleagues’ found that when similar volumes were 
administered, more concentrated bupivacaine and 
etidocaine solutions produced more rapid onset of 
sensory analgesia, greater frequency of adequate 
analgesia and longer duration of sensory block. Zaric 
and colleagues’ showed that despite no difference in 
maximal median cephalad spread, duration of anal- 
gesia was significantly longer with 20 ml of 1% and 
0.75% ropivacaine than with the same volume of 
0.5% ropivacaine. The results of our study clearly 
showed that the larger dose of lidocaine produced 
not only more extensive spread of loss of cold, pin- 
prick and touch sensations, but also more intense 
block of both large and small sensory nerve fibres. 

Similarly, few clinical studies on differential block 
have examined the sensitivity of different nerve fibres 
to local anaesthetic other than maximal cephalad 
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Figure 1 Time course of effect of epidural block with 10 mi of 1% or 2% hdocame on current perception thresholds (CPT) atT9 and L2. - 
The current perception threshold neurometer selectively sumulates AB, A8 and C fibres using 2000-Hz, 250-Hz and 5-Hz stimuli, 
respecuvely. CPT values are expressed as percentage maximum possible effect (%MPE), where %MPE=((CPT value—baseline)/(cut- 
off-baseline))x100. Data are mean (sxM). *P<0.05 vs baseline, tP < 0.05 us group I given 1% lidocaine. 


Cold Pinprick 


ERER 


1% 2% 1% 2% 1% 2% 


Touch 


Dermatomal level 





Figure 2, Maximal cephalad spread of epidural block with 10 ml 
of 1% or 2% lidocaine, as determined by loss of sensation to cold, 
pinprick and touch (n=10). Boxplot displays median and 10th, 
25th, 75th and 90th percentiles for values. *P<0.05 vs group I 
given 1% lidocaine, {P<0.05 us cold or pinprick sensation. 


spread of sensory modalities. Brull and Greene‘ first 
reported the existence of zones of differential sensory 
block during epidural anaesthesia with 2% lidocaine. 
They found that the dermatoma! level of anaesthesia 
to pinprick extended more cephalad than that to light 
touch, and the level of loss of cold sensation 
extended above that of pinprick. Stevens and col- 
leagues’ and White and colleagues“ observed subse- 
quently similar differential sensory block using these 
crude measurements. However, although it has been 
demonstrated that the sensibilities affected depend 
on activity in modality-specific primary afferent 
nerve fibres (i.e. loss of touch, pinprick and tempera- 
ture sensibilities reflects the integrity of AB, Ad and C 
fibres, respectively“) the relationships have never- 
been examined in subjects given epidural anaesthesia. 
A recent study by Tay, Wallace and Irving” succeeded 
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in measuring the intensity of epidural block with 10 
ml of 2% lidocaine using a CPT monitor and 
demonstrated a significant increase in CPT values at 
only 5 Hz at the umbilicus, However, they failed to 
detect any relationship between the above crude 
measurements and different nerve fibres. Using the 
same technique, sensory block after lidocaine spinal 
anaesthesia was observed by Liu, Kopacz and 
Carpenter,” who demonstrated that recovery of 
CPT at 5, 250 and 2000 Hz was correlated with 
regression of sensory block to cold, pinprick and 
touch sensations. However, nerve block during 
epidural anaesthesia has been shown to occur differ- 
ently and has been thought to involve different mech- 
anisms from spinal anaesthesia.” 

In our study, differential sensory block during 
lumbar epidural anaesthesia with 1% lidocaine was 
observed quantitatively and spatially. At L2, CPT at 
2000 Hz, which are thought to reflect the function of 
large nerve fibres,’ did not change, whereas 250 and 
5 Hz stimuli, which have been shown to stimulate 
small nerve fibres, increased CPT significantly. This 
implies that there was a significant difference in the 
intensity of block between small and large nerve 
fibres. Maximal level of loss of touch sensation was 
significantly lower than that of cold and pinprick sen- 
sations, both of which were similar, indicating that 
the extent of block of nerve fibres that carry touch 
sensation appeared to be different from that of other 
nerve fibres. Taken together, these results suggest a 
relationship between clinical appearance of differen- 
tial sensory block and differential effects on nerve 
fibres of different types during epidural anaesthesia; 
it is likely that the effects of epidural anaesthesia with 
lidocaine are more evident on small nerve fibres than 
on large ones. 

Our observations conflict with the results of in vitro 
studies related to axon diameter. Measurements of 
compound action potential amplitude in segments of 
mammalian peripheral nerve have revealed that the 
large fast-conducting fibres are more susceptible to 
conduction block than are the smaller, slower-con- 
ducting fibres.’ In addition, using mammalian dor- 
sal root axons, Jaffe and Rowe“ found no size-related 
differences in lidocaine sensitivity. Thus our observa- 
tions of differential sensory block may depend on 
factors related only indirectly to axon diameter. 

Although differences between fibre types in con- 
duction safety and velocity,’”” state-dependent 
sodium channel block” and frequency-dependent 
block,” have been proposed as the mechanism of dif- 
ferential neural block, Fink’s proposal” may offer a 
partial explanation for the differential effect of 
epidural lidocaine on nerve fibres. He hypothesized 
that the length of the nerve exposed to local anaes- 
thetic is important for determining the extent of 
neural block. According to Tasaki,” at least three suc- 
cessive nodes of Ranvier must be blocked to cause 
neural transmission to fail. In the epidural space, 
large nerve fibres have fewer nodes exposed to local 
anaesthetics and, therefore, may be more resistant to 
conduction block than small fibres, in which more 
nodes should be exposed. 

Examination of the three modalities and CPT test- 
ing did not reveal differential sensory block with 2% 
lidocaine. Because of the small number of patients 
studied, statistical power might have been insufficient 
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to detect a significant difference in these variables. 
However, if Fink’s hypothesis is true, one would 
expect to see a more obvious differential block in the 
upper thoracic region. As the effective bathed length 
of nerve roots decreases progressively along the 
spinal cord from sacral to cervical segments, upper 
thoracic and cervical roots may have a shorter expo- 
sure length to local anaesthetics. Thus CPT testing 
may have detected differential sensory block after 
epidural administration of 2% lidocaine with a test 
site ata dermatome higher thanT9. 

Another limitation of our study was the use of 
10 ml of 1% lidocaine, which alone, epidurally, does 
not provide good anaesthesia for surgery. Thus differ- 
ential effects on nerve fibres observed with this 
solution may not reflect differential neural block 
commonly seen during epidural anaesthesia. 

In summary, using new technology involving elec- 
trical stimulation, our study demonstrated that the 
dose of lidocaine affected the mtensity of sensory 
block during lumbar epidural anaesthesia. In addi- 
tion, epidural anaesthesia may result in differential 
neural block. 
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Incidence of bradycardia during recovery from spinal anaesthesia: 


influence of patient position 


H. PONHOLD AND M. N. VICENZI 


Summary 

We administered 0.5% plain bupivacaine 4 ml 
intrathecally (L2-3 or L3-4) in three groups of 20 
patients, according to the position in which they 
were nursed in the post-anaesthesia care unit 
(PACU): supine horizontal, 30° Trendelenburg or 
hammock position (trunk and legs 30° elevated). 
Patients were observed until anaesthesia 
descended to less than S1. The incidence of 
severe bradycardia (heart rate <50 beat min`’) in 
the PACU was significantly higher in patients in 
the Trendelenburg position (60%) than in the 
horizontal (20%, P<0.01) or hammock (10%, 
P<0.005) position. After 90 min, following admis- 
sion to the PACU, only patients in the hammock 
position did not have severe bradycardia. In this 
late phase, the incidence of severe bradycardia 
in the Trendelenburg group was 35% (P<0.005) 
and 10% in patients in the supine horizontal 
position. In four patients, severe bradycardia 
first occurred later than 90 min after admission 
to the PACU. The latest occurrence of severe 
bradycardia was recorded 320 min after admis- 
sion to the PACU. We conclude that for recovery 
from spinal anaesthesia, the Trendelenburg 
position should not be used and the hammock 
position is preferred. (Br. J. Anaesth. 1998; 81: 
723-726). 


Keywords: anaesthetic techniques, subarachnoid; position, 
effects; heart, heart rate; complications, bradycardia 


Moderate bradycardia occurs regularly during 
spinal anaesthesia.’ The incidence of intraoperative 
severe bradycardia requiring therapy has been 
reported** and cardiac arrest has occurred.’ How- 
ever, there are no published data on the incidence of 
severe bradycardia during recovery from spinal 
anaesthesia. 

Decreased venous return to the heart secondary to 
sympathetic block leads to a decrease in right atrial 
pressure and pressure in the great veins as they enter 
the right atrium; this is assumed to contribute to 
bradycardia during spinal anaesthesia.° The 
Trendelenburg position is associated with a higher 
venous return which might result in a decreased 
incidence of severe bradycardia. The incidence and 
time of occurrence of severe postoperative bradycar- 
dia during recovery from spinal anaesthesia, and the 
infiuence of differences in venous return in the 
Trendelenburg, horizontal and hammock positions 
were examined in this study. 


Patients and methods 


We studied 60 patients, ASA I or II, undergoing 
arthroscopy of the knee under spinal anaesthesia 
after obtaining approval from the Ethics Committee 
of the Faculty of Medicine, University of Graz, 
Austria and written informed consent from all 
patients. Patients with characteristics known to influ- 
ence the incidence of intraoperative severe bradycar- 
dia from spinal anaesthesia were excluded (i.e. heart 
rate (HR) <60 beat min`, age >50 yr and <20 yr, 
ASA >I, cardiovascular disease or medication with 
B-adrenergic blocking drugs).** Pregnancy was also 
an exclusion criterion. 

All patients received oral premedication with 
midazolam 7.5 mg, 1 h before induction of spinal 
anaesthesia. Continuous monitoring in the operating 
theatre and in the post-anaesthesia care unit (PACU) 
consisted of ECG, HR and pulse oximetry, in addi- 
tion to non-invasive systolic and diastolic arterial 
pressure measurements (every 5 min). Data were 
recorded automatically onto a computer using 
Hewlett Packard DocVue. In the operating theatre, 
patients received i.v. infusion of 6% hydroxyethyl- 
starch 500 ml before induction of spinal anaesthesia. 
This was followed by slow infusion of Ringer’s solu- 
tion 500 mi. Plain bupivacaine 0.5% (4 ml) was 
injected into the subarachnoid space at L2-3 or L3-4 
with the patient in the lateral horizontal position. 
After injection of local anaesthetic, the patient was 
immediately positioned horizontally and supine for 
surgery. 

Severe bradycardia was defined as HR <50 beat 
min” requiring treatment with atropine 0.5 mg i.v., 
repeated as necessary. Severe hypotension was 
defined as a decrease in systolic arterial pressure 
(SAP) to less than 70% of the patient’s initial SAP 
before induction of spinal anaesthesia, requiring 
treatment with ephedrine 25 mg i.v. Moderate brady- 
cardia and moderate hypotension were defined as 
statistically significant decreases in these variables 
not requiring treatment. 

After surgery, patients were transferred to the 
PACU and allocated randomly to one of three groups 
of 20 patients each according to the position in which 
they were to be nursed in the PACU: horizontal 
supine, hammock (legs and trunk 30° elevated) or 
30° Trendelenburg. Randomization was accom- 
plished by predetermined numbers; in the operating 
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theatre both the patient and examiner were blinded 
to group allocation; in the PACU, this was not possi- 
ble because the position of the patient was obvious. 
Monitoring and therapy continued as before. The 
dermatomal level of anaesthesia (no sensation to pin- 
prick with the sterile tip of a safety pin after a strong 
push onto the skin) was recorded at the time of 
admission to the PACU and at 15-min intervals. 
Patients remained in the PACU until anaesthesia 
descended to below S1. Duration of spinal anaes- 
thesia was defined as the time between intrathecal in- 
jection of bupivacaine and the moment when the 
anaesthetic level had descended to below S1. 

Data are expressed as number, percentage, mean 
or median (sp, confidence limits or percentile). 
Comparisons of several means and continuous data 
were made using two-way ANOVA, and chi-square 
analysis with the Bonferroni-Dunn procedure. Exact 
binominal confidence limits were used for compari- 
son of incidents. P<0.05 was considered statistically 
significant. The statistical computer package used 
was NCSS 97, except for the prospective power 
analysis, where PASS 6.0 was used; both were run on 
Win NT 4.0 Workstation using a Pentium PC. 


Results 


There was no significant difference in mean age, 
weight, height, sex ratio or ASA status between the 
three groups (table 1). All patients had satisfactory 
block for surgery and did not require supplementary 
medication. Median level of anaesthesia at the time 
of admission to the PACU was L3 (25th -75th per- 
centile: L2-L4) in all groups. There was no signifi- 
cant difference in duration of spinal block or 
duration of stay in the PACU (table 1). During the 
observation period, no patient had an oxygen satura- 
tion less than 95%; oxygen was not administered to 
any patient. No patient fell asleep or had respiratory 
obstruction. 


Table 1 Comparison of patient characteristics (mean (sD or 
range) or number). Ininal=before induction of spinal anaesthesia, 
SAP=systolic arterial pressure, DAP=diastolic arterial pressure, 
duration of spinal block=time from intrathecal injection of 
bupivacaine to the moment when the anaesthetic level decreased 
to below $1, PACU=post-anaesthesia care unit, 
ISB=intraoperative severe bradycardia (EIR <50 beat min”), 
ISH=intraoperative severe hypotension (SAP <70% of initial 
value) 


Hammock Horizontal Trendelenburg 
position position position 
(n=20) (n=20) (n=20) 

Sex (M/F) 8/12 7/13 11/9 

Age (yr) 40 (21-47) 37 (26-50) 36 (20-50) 

Height (cm) 171 (11) 172 (10) 169 (10) 

Weight (kg) 73 (11) 76 (11) 71 (12) 

ASA : 1.2 (0,3) 1.2 (0,4) 1 3 (0,2) 

Initial heart rate 

(beat min”) 73.8 (8.1) 74.3(91) 73.7 (9.3) 


Initial SAP (mm Hg) 130.9 (16,1) 133.0 (14,5) 131.8 (21,5) 
Initial DAP (mm Hg) 69.0 (11,3) 72.5 (10,7) 67.8 (14,5) 


Duranon of spmal 

block (min) 320 (86) 308 (52) 325 (56) 
Duration of stay in 

PACU (min) 212 (56) 196 (53) 225 (19) 
No. of patients 

with ISB 2o 2 2 
No. of patients 

with ISH 1 1 0 
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Table 2 Number of patients with bradycardia (number (95% 
CD) in the post-anaesthesia care unit (PACU). “During total stay 
ın the PACU: overall chi-square P<0.001; pairwise comparisons, 
Trendelenburg vs honzontal position P<0.01 and Trendelenburg 
vs hammock position P<0.005. **Later than 90 min after 
admussion to the PACU: overall chi-square P<0.01; pairwise 
comparison, Trendelenburg vs hammock position P<0.005 


Hammock Horizontal Trendelenburg 
position postion position 
(n=20) (n=20) (n=20) 
During total stay 2 4 12 
in PACU (1.2-31.7%) (5.7-43 7%) (36.1-80.9%)* 
Later than 90 min 
after admission 0 2 7 
to PACU (0-16 8%) (1.2~31.7%) (15.4-59.2%)** 


In the operating theatre, all patients were in the 
horizontal supine position, where two patients in 
each group had an episode of severe bradycardia 
(table 1). In the PACU, patients in all groups had 
moderate bradycardia, and this continued until the 
end of the observation period. Between groups, how- 
ever, there was no difference in the mean decrease in 
HR. In the PACU, there was significant variation 
in the incidence of severe bradycardia in terms of 
incidence during the total stay in the PACU and 
incidence later than 90 min after admission to th 
PACU (table 2). š 

The time of occurrence of severe bradycardia in 
the PACU and anaesthetic level at which it occurred 
are documented in figure 1. After successful treat- 
ment of severe bradycardia during the first 90 min 
after admission to the PACU, some patients contin- 
ued to have episodes of severe bradycardia, with the 
latest occurring after 320 min. In one patient in 
the horizontal group and in three patients in the 
Trendelenburg group, an episode of severe bradycar- 
dia occurred later than 90 min after admission to the 
PACU where none had occurred previously; one 
patient had his first episode of severe bradycardia 
255 min after admission to the PACU. 

Both patients in the Trendelenburg group who had 
severe bradycardia in the operating theatre also had 
severe bradycardia in the PACU; none of the patients 
with intraoperative severe bradycardia in the other 
groups (two patients in each group) had severe 
bradycardia in the PACU. All patients with intraoper- 
ative severe bradycardia were treated successfully 
with atropine 0.5 mg. One patient in the hammock 
group and one patient in the horizontal group had 
intraoperative severe hypotension, treated success- 
fully with ephedrine 0.25 mg (table 1). On admission 
to the PACU, the HR of all patients treated in the 
intraoperative period with atropine or ephedrine was 
below the initial value before induction of spinal 
anaesthesia. Neither of the two patients with intra- 
Operative severe hypotension had severe hypotension 
or severe bradycardia after operation. The number of 
patients with intraoperative severe bradycardia or 
intraoperative severe hypotension, however, was 
insufficient for statistical analysis on the influence of 
intraoperative use of atropine or ephedrine on the 
incidence of severe bradycardia in the PACU. All 
patients with intraoperative severe bradycardia or 
intraoperative severe hypotension were included in 
the PACU analysis. 

In the PACU, mean SAP was lower than the initial 
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position 


Figure 1 Time of occurrence of severe bradycardia (HR <50 beat min”) in the post-anaesthesia care unit (PACU), expressed as minutes 
after admusgion to the PACU, level of anaesthesia at the time of occurrence and position of the patient. Encircled numbers represent the time 
of occurrence of recurrent episodes of severe bradycardia in single patients. Numbers without a circle represent the time of occurrence of 
severe bradycardia in patients with only one episode of severe bradycardia. 


value before induction of spinal anaesthesia and 
remained so until the end of the observation period. 
However, severe hypotension requiring therapy did 
not occur in the PACU. Between groups there was no 
difference in mean changes in SAP. There was no dif- 
ference between mean diastolic arterial pressure in 
the PACU and pre-induction values in any group. 


Discussion 


In the operating theatre, where all patients were in 
the supine horizontal position, the incidence of 
severe bradycardia did not differ between groups, 
and was similar to previous studies.” *We can assume 
that the risk factors for severe bradycardia during 
spinal anaesthesia were evenly distributed between 
groups. 

For comparison with previous studies,“ we 
defined severe bradycardia as HR <50 beat min’. 
This value was thought to be an appropriate end- 
point for intervention in this carefully defined group 
of patients: other patients may require earlier inter- 
vention or may safely tolerate this HR. Similar num- 
bers of patients in the three groups were treated with 
atropine and ephedrine in the operative period and 
it is unlikely that these treatments influenced the 
differences in the incidence of bradycardia between 
groups. 

In the PACU, patients in the 30° Trendelenburg 
position had a higher incidence of severe bradycardia 
than patients in the horizontal or hammock position. 
This observation seems to contradict the proposed 
mechanisms for bradycardia during spinal anaesthe- 
sia: according to Greene,’ diminished venous return 
secondary to sympathetic block activates great vein 
and right atrial cardiac receptors that both, by reflex 
mechanisms and directly, slow the HR. Although 
patients in the Trendelenburg position have greater 
venous return,’ they had a higher incidence of severe 
bradycardia. The level of moderate bradycardia did 
not differ between groups in our study. Therefore, a 
decrease in venous return most probably was not the 
primary cause for moderate or severe bradycardia 
during spinal anaesthesia in our patients. 

In patients with higher levels of sympathetic block, 
including levels T1—4, cardiac accelerator denerva- 
tion also slows HR.’ In our patients, moderate brady- 
cardia in the PACU continued until the end of the 
observation period with an anaesthesia level below 
S1 more than 5 h after subarachnoid injection of 
bupivacaine. Cardiac accelerator block most proba- 
bly did not play a role in the mechanism of bradycar- 
dia in the PACU. Assuming a differential block of six 
segments between sensory and sympathetic block”? 


only one patient had a sensory level high enough to 
block one cardiac accelerator segment at the time of 
admission to the PACU. In the later phase of recov- 
ery it can be assumed that no patient had cardiac 
accelerator block at a time when all patients had 
moderate bradycardia, and when some had episodes 
of severe bradycardia. 

Recent studies using HR variability demonstrated 
modulation of sympathovagal balance during spinal 
anaesthesia.” ° During the onset of spinal anaesthe- 
sia, disruption of sympathetic neural pathways leads 
to a decrease in sympathetic activity and a reflex 
reduction in parasympathetic activity. Over time, 
reflex parasympathetic inhibition is withdrawn. 
Although in volunteers without spinal block, the 
autonomic system attempts to maintain sympatho- 
vagal balance,” 30 min after spinal injection, decreased 
sympathetic activity and increased parasympathetic 
activity in the cardiac autonomic nervous system 
were observed. As acetylcholine released at the vagal 
nerve endings diminishes the release of norepineph- 
rine from neighbouring sympathetic terminals,” ” 
decreased cardiac sympathetic activity could be the 
result of both direct and indirect effects. 

Studies of the influence of the Trendelenburg posi- 
tion in volunteers without spinal anaesthesia have 
not shown an effect on HR.” Furthermore, the 
Trendelenburg position in volunteers without spinal 
anaesthesia is not associated with significant alter- 
ation of dominant parasympathetic cardiac control in 
comparison with the resting supine position.” 
However, increased venous return in a patient under 
spinal anaesthesia with coexisting decreased sympa- 
thetic and increased parasympathetic activity could 
have a different effect compared with volunteers with 
normal sympathovagal balance and a tendency to 
maintain this balance.” 

Time from injection until the anaesthetic level 
descended to below S1 was more than 5 h. As moder- 
ate bradycardia continued until this time, and some 
patients also had episodes of severe bradycardia after 
5 h, we can assume that sympathovagal imbalance 
was still present at the end of the observation period. 
Because a smaller dose of bupivacaine resulted in a 
lower level of spinal block, it might be speculated that 
such a smaller dose results in a lesser degree and 
shorter duration of sympathovagal imbalance, 
together with a smaller incidence of severe bradycar- 
dia. However, in a prospective study of risk factors 
for severe bradycardia during spinal anaesthesia,’ 
peak block height had a very weak correlation with 
occurrence of severe bradycardia and no correlation 
with the magnitude of bradycardia. Sympathovagal 
imbalance apparently only seems to have a weak cor- 
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relation with peak block height. From our and previ- 
ous studies, we also do not know the duration of sym- 
pathovagal imbalance in association with spinal 
anaesthesia. 

In summary, patients in the Trendelenburg posi- 
tion had a high incidence of severe bradycardia. We 
suggest that this position should not be used during 
recovery from spinal anaesthesia. Severe bradycardia 
occurring later than 90 min after admission to the 
PACU was observed in patients who had bradycardia 
treated successfully in the first 90 min and in patients 
who had not had severe bradycardia before. This 
observation is particularly important, as in normal 
clinical practice some of these patients would have 
been discharged from the PACU before the occur- 
rence of the first or a subsequent episode of severe 
bradycardia. Only patients in the hammock position 
did not have severe bradycardia in this late phase of 
recovery from spinal anaesthesia. Although the dif- 
ference in the incidence of severe bradycardia 
between the hammock and horizontal groups was 
not significant, in comparison with the 
Trendelenburg group, only patients in the hammock 
group had a significantly lower incidence of severe 
bradycardia occurring later than 90 min after admis- 
sion to the PACU. Therefore, the hammock position 
can be considered to be the optimal position for 
recovery from spinal anaesthesia, especially after dis- 
charge from the PACU. 
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Balanced pre-emptive analgesia: does it work? A double-blind, 
controlled study in bilaterally symmetrical oral surgery 


W. I. CAMPBELL, R. W. KENDRICK AND J. P. H. FEE 


Summary 

We studied 32 patients undergoing bilateral 
symmetrical lower third molar surgery under 
general anaesthesia to determine if the com- 
bined effects of pre-emptive local anaesthetic 
block using 0.5% bupivacaine, together with i.v. 
tenoxicam and alfentanil had any benefits over 
postoperative administration. Patients acted as 
their own controls and were allocated randomly 
to have surgery start on one side, the second 
side always being the pre-emptive side. 
Difference in pain intensity between the two 
sides was determined using visual analogue 
scales completed by each individual at 6 h, and 
at 1, 3 and 6 days after operation. A long-form 
McGill pain questionnaire was also used to 
assess difference in pain intensity between the 
two sides on the morning after surgery. There 
was no significant difference in pain intensity at 
any time after surgery. Our findings indicate that 
the combined use of pre-emptive analgesia from 
0.5% bupivacaine, tenoxicam and alfentanil did 
not reduce postoperative pain intensity in 
patients undergoing molar exodontia. (Br. J. 
Anaesth. 1998; 81: 727-730). 


Keywords: analgesia, pre-emptive; non-steroidal anti-inflam- 
matory drugs; anaesthetics local, bupivacaine; analgesics 
opioid, alfentanil; pain, postoperative; surgery, dental 


Postoperative pain may be controlled by the use of 
local anaesthetic block, opioids, non-steroidal anti- 
inflammatory drugs or a combination of these.’ It has 
been proposed that by administering analgesia before 
nociception, it may be possible to prevent central 
sensitization.” Animal work, together with clinical 
observations in acute and chronic pain states, appear 
to confirm this hypothesis.”* 

Initially, the results of controlled clinical studies 
appeared to favour the theory that pre-emptive anal- 
gesia was of value in clinical practice.’” Other studies 
have not shown any benefit of administration of anal- 
gesia in a pre-emptive manner.’ Previous studies 
by us have not illustrated a pre-emptive analgesic 
effect with the use of local anaesthesia, despite rela- 
tively large numbers of subjects either acting as their 
own controls or in two separate groups.” * The pre- 
emptive use of a non-steroidal anti-inflammatory 
drug before surgery may be more beneficial than its 
action starting after surgical incision.” In addition, 
opioids have been shown to have a beneficial effect if 
given before rather than after surgical incision." 


In this study, we determined if there was any bene- 
fit in using pre-emptive balanced analgesia. To do 
this, a bilateral symmetrical surgical model was used 
to allow patients to act as their own controls and 
minimize confounding factors, thus increasing the 
power of the study. Each patient received a non- 
steroidal anti-inflammatory drug, local anaesthetic 
block and opioids before incision on one side, and 
after surgery on the other side. 


Patients and methods 


The study was approved by the local Ethics 
Committee. We studied 32 ASA I and II patients, 
aged 18 yr or more, undergoing removal of both 
lower third molar teeth, provided that the teeth were 
bilaterally symmetrical on radiological examination. 
If upper third molars were to be removed, patients 
were included only if all four third molars were 
removed. Patients who gave a history of asthma or 
aspirin intolerance were excluded. Informed written 
consent was obtained in each case. 

Before surgery, patients were shown how to com- 
plete a pain questionnaire, which they retained and 
completed after surgery. Pain assessment was carried 
out using two 10-cm vertical visual analogue scales 
(VAS), one for each operation side, at each of the 
following times: 6 h after surgery, and on the 
mornings of days 1, 3 and 6 after surgery. Anchor 
points were 0=no pain, 100=worst pain possible. 
A long-form McGill pain questionnaire was also 
completed on the morning after surgery. Patients 
were asked to complete the VAS on the left side of the 
page for their left-sided pain and the VAS on the right 
side of the page for their right-sided pain. They then 
completed a single McGill pain questionnaire by 
placing the letters L (left), R (right) or R+L (both 
sides) beside the words which described the sensa- 
tion which they experienced on the morning after 
surgery. All pain questionnaires were completed 
independently by the patients and posted back to the 
author. 

The procedure was carried out under general 
anaesthesia. Anaesthesia was induced with propofol 
and maintenance with 1.5% halothane and 60% 
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nitrous oxide in oxygen via a nasal tracheal tube. 
Restricted randomization was used to allocate 
patients to one of two groups. Two bundles of 16 
small cards detailing which side to start the operation 
on were placed in sealed envelopes, shuffled and 
numbered sequentially. Immediately after induction 
of anaesthesia, the surgeon opened one of the ran- 
domization envelopes. Group A received an inferior 
alveolar and a long buccal nerve block, using 0.5% 
plain bupivacaine 2 ml at each nerve, on the left side 
only. If the upper third molars were also to be 
removed, buccal infiltration with 0.5% plain bupiva- 
caine 1 ml was administered on the left side. Surgery 
then commenced on the right (contralateral) side 
and when this was complete local anaesthetic was 
injected as above on this side. 

Immediately after removal of the first lower tooth, 
but before wound closure, the surgeon indicated that 
he was going to operate on the opposite side. 
Tenoxicam 20 mg, alfentanil 2 mg, atropine 0.3 mg 
and ondansetron 8 mg were then administered i.v. If 
heart rate was less than 50 beat min” further doses of 
atropine were administered in 0.3 mg increments. 
Spontaneous respiration was permitted until alfen- 
tanil was given when mechanically assisted ventilation 
was used until the end of operation. Normocapnia 
was maintained during assisted ventilation. Those 
patients allocated to group B were treated in an iden- 
tical manner to those in group A but the sides treated 
with local anaesthetic before or after surgery were 
reversed. Ondansetron was administered to prevent 
nausea. 

The purpose of the above procedure was to estab- 
lish two groups, each of 16 patients: one with surgery 
commencing on the right and the other with surgery 
starting on the left. Regardless of grouping, the first 
side operated on was always the side which was 
blocked by local anaesthetic after exodontia. Surgery 
did not start on the second side until at least 10 min 
had elapsed after neuronal block with bupivacaine 
and at least 5 min before pretreatment with alfentanil 
and tenoxicam. The anaesthetist and patient were 
both unaware of the pretreatment sides. If surgery 
was more difficult on one side or the patient was not 
bilaterally numb and pain free, they were excluded 
and their randomization envelope reallocated to the 
next available patient who met the entry criteria for 
the study. Surgical difficulty was rated by the surgeon 
after operation as: (i) simple tooth elevation; (ii) bone 
removal or tooth division; (iii) bone removal and 
tooth division; or (iv) as (iii) but very difficult. 
Analgesia was available after operation as co-codamol 
(codeine 8 mg and paracetamol 500 mg), two tablets 
every 4 h, as required. 

Difference in pain between the two sides in each 
patient, as assessed by VAS and McGill pain ques- 
tionnaires, was analysed using the Wilcoxon matched 
pairs signed ranks test. The Mann-Whitney U test 
was used to determine if there was a significant dif- 
ference in pain between the first and second side 
operated on. Kruskal-Wallis one-way analysis of vari- 
ance was used to detect differences in pain caused by 
surgical difficulty. The results of similar research by 
us indicated that at least 30 subjects would be needed 
to detect a difference in pain of 10 mm in VAS at 24h 
between the two sides in each patient and achieve a 
power of 90% at the 5% level of significance.” 
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Table I Median (interquartile range (QR)) pain scores of 32 
patients after lower third molar extraction under general 
anaesthesia. The second side operated on was always the pre- 
emptve side, regardless of grouping 








Pain after surgery Median (IQR) 
Visual analogue scale rating (0-100 mm) 
Firstside 6h 11 (1, 23) 
Second side 6h 9 (2, 38) 
First side 1 day 8 (4, 28) 
Second side 1 day 9 (3, 30) 
First side 3 days 7 (2, 33) 
Second side 3 days 7 (1,29) 
Fırstsıde 6 days 4 (1, 12) 
Second side 6 days 4 (1, 13) 
McGill pam questionnaire scores 
First side 1 day 4 (1, 8) 
Second side 1 day 4 (2, 8) 


Table 2 Difference in pain ratings between the first and second 
side operated on in patients (n=32) undergoing bilateral 
symmetrical lower third molar extraction under general 
anaesthesia (median (interquartile range (IQR)). No signrficant 
differences 





Differences in pain intensity 


(second-—first side) Median (IQR) 
Visual analogue scale differences at 6h 0 (-1,4) 

1 day 1 (0, 5) 

3 days 0-1, 2) 

6 days 0(-1,4) 


McGill pain questionnaire differences at 1 day 0 (0, 1) 





Results 


We studied 24 women and eight men, but one 
woman was excluded from group B as one side was 
not numb after operation. That randomization enve- 
lope was used on the next case meeting the entry cri- 
teria for the study. 

Mean age was 25 (range 18-44) yr. Mean weight 
was 66 (sp 10.3) kg. The number of patients within 
each difficulty of surgery grading (rated i-iv) was 6, 
10, 12 and 4, respectively. Pain scores for each side 
are given in table 1 but it was the difference in pain 
between the two sides of each individual that was 
used for statistical purposes. Pain intensity did not 
correlate with difficulty of surgery on the first side 
operated on. All data were therefore pooled and the 
difference in pain between the first and second sides 
operated on in each patient was used to establish if 
there was an overall meaningful difference in pain 
intensity (table 2). There was no significant differ- 
ence in pain at any time between the two sides. 


Discussion 


Administration of opioids before nociception has 
been shown to prevent central sensitization but the 
dose of opioid used must be sufficient to completely 
block the release of the excitatory amino acids 
involved in initiating sensitization.” Despite this, the 
apparent value of pre-emptive opioid use does not 
improve by increasing the dose in excess of the thera- 
peutic norm.” In our study, the potent opioid alfen- 
tanil was used in a sufficiently large dose to slow 
heart rate and stop respiration in all patients, until 
shortly after surgery was complete. Some researchers 
have illustrated the benefits of pre-emptive opioids in 
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clinical situations.” ” ° However, others have been 
unable to substantiate such a hypothesis.” ° 
Alfentanil was chosen as the opioid for this study 
because of its rapid onset and short duration.” 

A non-steroidal anti-inflammatory drug was also 
used in this study as it is known to prevent peripheral 
sensitization.” ™ Its use may be beneficial if adminis- 
tered before rather than after tissue injury.” This 
class of drug is known to have central analgesic prop- 
erties.” * Tenoxicam was used as it can be given i.v. 
and it has been shown that analgesia occurs very 
rapidly even after i.m. use. In a study by Rice and col- 
leagues, comparison of i.m. morphine and ketorolac 
was made.” There was a 25% reduction in pain 
within 7-8 min after either drug and a 50% reduc- 
tion in pain after another 25 min. As higher plasma 
concentrations would be achieved more rapidly after 
i.v. administration, the speed of analgesic onset 
would be expected to be more rapid than that after 
im. administration of non-steroidal anti-inflamma- 
tory drugs. 

The difference in pain scores between the two 
sides was not significant at any time after surgery. 
However, all patients had complete analgesia from 
neuronal block for the first few hours after surgery. 
Neither the local anaesthetic nor tenoxicam would 
have had any new clinical effect by 24 h after 
surgery.” ” In particular, the dose of alfentanil used 
would not have any clinical effect several hours after 
surgery because of its short half-life.” * Therefore 
these drugs would not be expected to interfere with 
pain assessments carried out in the days after 
surgery, as their therapeutic actions would have 
ceased on both sides. 

It could be argued that the model of bilateral sym- 
metrical surgery is not sound, yet this type of model 
is used widely by basic scientists, providing much of 
our physiological knowledge on pain.’” However, the 
unilateral biochemical changes which have been 
identified within the spinal cord after ipsilateral limb 
injury gradually become bilateral over days to weeks 
in animals.” ” The biochemical changes which even- 
tually involve the contralateral side of the spinal cord 
together with diminishing pain magnitude in the days 
after surgery may explain the difficulty in identifying 
any late benefits of pre-emptive analgesia. 

The results of this study were disappointing. At no 
time was there any benefit of pre-emptive analgesia 
compared with postoperative use, despite administra- 
tion of analgesics working at three different sites con- 
currently. Attempts to reduce postoperative pain by 
pre-emptive techniques using conventional analgesics 
and techniques are probably unrealistic. Analgesia 
probably has to be extended well into the healing 
period to be beneficial but how do we determine that 
there is an advantage in administering analgesics 
before rather than after surgery starts, when pain 
intensity is likely to be very low with both techniques? 
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Dextromethorphan and pain after total abdominal hysterectomy 


P. M. McConaauy, P. McSoruzy, W. McCauGHEY AND W. I, CAMPBELL 


Summary 

Dextromethorphan is an N-methyl-p-aspartate 
(NMDA) receptor antagonist which has been 
shown to inhibit the development of cutaneous 
secondary hyperalgesia after tissue trauma. We 
studied 60 ASA I-II patients undergoing total 
abdominal hysterectomy in a randomized, 
double-blind, placebo-controlled study. Patients 
received either dextromethorphan 27 mg cap- 
sules, two doses before operation and three 
doses in the first 24 h after operation, or placebo. 
Visual analogue pain scores (VAS) at 24 and 48h 
were assessed at rest, on coughing and on sitting 
up, and were not significantly different between 
groups. Morphine consumption from a patient- 
controlled analgesia (PCA) device was also not 
significantly different between groups. Evidence 
of secondary hyperalgesia was assessed with 
von Frey hairs 10 cm above the Pfannenstiel inci- 
sion. Both groups of patients exhibited evidence 
of secondary hyperalgesia after 24 and 48 h but 
there were no significant differences between 
groups. There was also no difference between 
groups in VAS scores at 1 month. (Br. J. Anaesth. 
1998; 81: 731-736). 


Keywords: pharmacology, dextromethorphan; pain, post- 
operative; pain, mechanism. 


Secondary hyperalgesia is a pain state which may 
develop during and after surgery and is manifest clin- 
ically as mechanical allodynia, that is the perception 
of pain in response to normally innocuous mechani- 
cal stimuli, in normal tissue surrounding an area of 
tissue trauma.’ The development of this pain state 
has been shown previously to be dependent on acti- 
vation of the N-methyl-p-aspartate (NMDA) recep- 
tor located at the dorsal horn of the spinal cord.*” 
Secondary hyperalgesia has been shown to contribute 
to generation of pain after tissue injury in animals. ‘7 
Richmond, Bromley and Woolf ° have shown, in 
humans, that postoperative morphine consumption 
after total abdominal hysterectomy is decreased 
when an attempt is made to prevent perioperative 
activation of the NMDA receptor by pre-emptive 
administration of i.v. morphine. 

Dextromethorphan is a weak, non-competitive 
NMDA antagonist which has been used as an anti- 
tussive agent for more than 30 yr. It has been shown 
to inhibit the development of cutaneous second- 
ary hyperalgeisa in humans after peripheral burn 
injury’ ” and to reduce temporal summation of pain 
which is an NMDA-dependent event." 


The aims of this study were to assess the analgesic 
benefits of the NMDA antagonist, dextromethor- 
phan, in patients undergoing total abdominal hys- 
terectomy, when the drug was administered in the 
perioperative period. 


Patients and methods 


The study was approved by the Queen’s University 
Research Ethics Committee. Patients presenting for 
elective total abdominal hysterectomy with or with- 
out bilateral sapingo-oophorectomy were recruited 
after providing written, informed consent, and were 
allocated randomly (computer-generated list) to 
either the active or control group. Exclusion criteria 
for entry to the study included history of a chronic 
pain syndrome (e.g. fibromyalgia), patients receiving 
drugs with actions at the spinal cord (e.g. antidepres- 
sants), or aspirin within 2 weeks of admission. The 
consumption of non-steroidal anti-inflammatory 
drugs (NSAID) other than aspirin was discontinued 
at least 24 h before operation. 

A 100-mm visual analogue score (VAS) for pain 
was explained to the patients at the preoperative 
assessment (0=no pain and 100=worst imaginable 
pain). It was explained how their wounds would be 
assessed after operation with von Frey hairs, which 
are a series of 20 nylon monofilaments that exert a 
specific force when bent end on to the patient’s skin. 

All patients received diazepam 10 mg on the 
evening before surgery, and diazepam 10 mg, 1-2 h 
before operation. Patients in the active treatment 
group also received dextromethorphan 27 mg cap- 
sules before operation: one on the night before 
surgery and one with their premedicant. After opera- 
tion three further doses were given at 8, 16 and 24h 
after operation. Patients in the control group received 
placebo capsules at the same time intervals. All of the 
study drugs were prepared by the hospital pharmacy 
and the study was carried out in a double-blind 
manner. 

On arrival in the operating theatre, an i.v. cannula 
was inserted into the dorsum of the hand and 1 litre 
of Hartmann’s solution was commenced. Monitors 
connected before induction of anaesthesia included 
peripheral oxygen saturation (Spo,)s electrocardio- 
graph (ECG) and arterial pressure (AP) recorded 
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Table 1 Patents excluded from the study within the first 24h 





Group Reason for exclusion 

Placebo Recerved diclofenac 

Placebo Received diclofenac 

Placebo Returned to operating theatre 

Placebo Returned to operating theatre 

Active Received diclofenac 

Active Received 1.m. morphine after operation 
Active Vaginal hysterectomy 


Table 2 Patient data (mean (sp or range)). No significant 
differences 


Dextromethorphan Placebo 


(n=27) (n=26) 
Age (yr) 45 (30-58) 45 (37-63) 
Weight (kg) 65 (11.5) 66 (12.1) 
Height (cm) 156 (23.6) 162 (5.0) 
Duration of surgery (min) 56 (18.8) 63 (13 7) 


Intraoperative morphine (mg) 7 (1 4) 7(1.4) 


non-invasively at 5-min intervals. Each patient was 
preoxygenated for 2 min with 100% oxygen, after 
which anaesthesia was induced with propofol 
2-3 mg kg’. Tracheal intubation was facilitated with 
atracurium 0.5 mg kg’. Anaesthesia was maintained 
with 1-3% isoflurane and 30-40% oxygen in nitrous 
oxide, and the patients’ lungs were ventilated to nor- 
mocapnia. Ten minutes after a standardized 
Pfannenstiel incision was made, morphine 0.1- 
0.15 mg kg” i.v. was given, with further increments 
administered at the discretion of the attending anaes- 
thetist. Other drugs given during the intraoperative 
period were: antibiotics (either amoxycillin- 
clavulonic acid 1.2 g or cefuroxime 1.5 g), ondansetron 
4 mg, neostigmine 2.5 mg and glycopyrrolate 0.5 mg. 

After tracheal extubation at the end of operation, 
patients were transferred to the recovery ward where 
the nursing staff were free to administer bolus doses 
of morphine 2 mg i.v. every 3 min as required. 
Patients were assessed by an anaesthetist if they 
received morphine 10 mg before additional doses 
were prescribed. I.v. morphine was also available via 
a patient-controlled analgesia (PCA) system set to 
deliver 1-mg boluses of morphine with a 5-min lock- 
out interval. Postoperative nausea and vomiting were 
treated with prochlorperazine 12.5 mg i.m. 8 h as 
required. No NSAID was prescribed for the first 48 h 
after operation. 

Patients were assessed after 24 and 48 h by one of 
the authors. Total postoperative morphine consump- 
tion, including that received in the recovery ward, 
was recorded. VAS pain scores with the patient lying 
at rest, on coughing (maximal cough after vital 
capacity inspiratory breath) and on sitting up from 
the lying position were recorded also. 

Touch thresholds were determined at the medial 
side of the patient’s right forearm and 10 cm above 
the incision, with von Frey hairs. Three points were 
examined above the wound: one at the midline and 
one halfway between the midline and the edge of the 
wound on the left and right sides. Patients were asked 
to close their eyes and von Frey hair No. 1 was 
applied to the area to be tested. Each hair was 
applied once to the site, and the patient was asked to 
report when they were first aware of the light touch of 
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the hair, which was recorded as the touch threshold. 
Pain thresholds were determined at the same sites as 
the touch thresholds. Patients were asked to open 
their eyes for this assessment and to report when the 
sensation elicited by the von Frey hair first became 
painful. This force was recorded as the pain thresh- 
old. The threshold at the wound for touch and pain 
was subtracted from that at the forearm to yield a 
“von Frey threshold” for each assessment." 

All patients were given a written questionnaire for 
completion 1 month after operation. They were 
asked if they still had pain around their wound and if 
they had, their worst daily VAS pain score. If they had 
no pain, duration of postoperative wound pain was 
elicited. They were asked also if they still required 
analgesics for wound pain, and if so, which analgesics 
they were taking. 

Statistical analysis was carried out using SPSS for 
Windows Version 7 operated from a 133 MHz IBM 
compatible PC. Patient data, VAS scores, morphine 
consumption and von Frey thresholds were analysed 
with the Mann-Whitney U test. Duration of post- 
operative pain and VAS scores at 1 month were also 
compared with the Mann-Whitney test. The inci- 
dence of side effects was compared using the chi- 
square test. A significant result was assumed at 
P<0.05. 

The study was able to determine, with 90% power 
at the 5% significance level, a difference of at least 14 
mm in VAS scores at rest and on sitting up, at 24 h, 
and 19 mm on coughing at 24 h. A difference in 24-h 
morphine consumption of 18 mg between groups 
could be detected at the same level of power and sig- 
nificance. 


Results 


Sixty patients were recruited to the study although 
seven patients were excluded within the first 24 h 
(table 1). Data from 53 patients were available for 
analysis, 27 from the active treatment group and 26 
from the placebo group. There were no significant 
differences between groups for age, weight, height, 
duration of surgery or intraoperative morphine con- 
sumption (table 2). 

Total postoperative morphine consumption was 
similar between groups after 24 h (fig. 1) and there 
were no significant differences between VAS pain 
scores at rest, on coughing or on sitting up (fig. 2). 

Within the first few weeks of the study commenc- 
ing, the nurses on the gynaecology ward expressed 
their concern that patients in the study were being 
disadvantaged for several reasons. First, they had to 
continue receiving PCA morphine while those not in 
the study had their PCA devices removed after 24 h 
to facilitate mobilization. Second, they were pre- 
vented from receiving diclofenac on the second post- 
operative day, again contrary to standard treatment 
for this group of patients in this particular hospital. 

After hearing these views, we felt that if there was 
any doubt that these patients were disadvantaged 
through involvement in the study, that the protocol 
should be altered. Thus it was decided to omit the 
48-h assessment and to prescribe diclofenac after the 
24-h assessment, where appropriate. However, 
assessments at 48 h for 26 patients were obtained 
before this decision was made. 
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Figure 1 Postoperative morphine consumption (median, 
interquartile range) at 24 h (n=27 in the dextromethorphan group 
and n=26 in the placebo group) and at 48 h (#=14 in the 
dextromethorphan group and n=12 in the placebo group) No 
significant differences 


The von Frey thresholds between groups for pain 
were not significantly different, with both showing 
evidence of mechanical allodynia in the areas tested, 
while the thresholds for touch were also comparable, 
with the slightly negative values indicating some 
decreased sensitivity to light touch in the area of allo- 
dynia (table 3). At 48 h, the results from 27 patients 
were available for analysis, 15 from the active treat- 
ment group. However, one patient from the active 
treatment group was unable to co-operate with VAS 
measurements because of nausea, although she was 
able to complete the other parts of the assessment. 

Morphine consumption was comparable after 48 h 
(fig. 1) while there were no significant differences in 
VAS scores at rest, on coughing or on sitting up (fig. 3). 
The von Frey thresholds for pain were also compara- 
ble between groups, although a significant difference 
was found in touch thresholds (table 3). 

The incidence of side effects, possibly attributable 
to dextromethorphan, is shown in table 4. 
Compliance with the study drug regimen was 100%, 
despite the high incidence of postoperative nausea. 

Postoperative questionnaires were returned after 1 
month by 39 patients, 19 from the active treatment 
group. There were no significant differences between 
pain scores (mm) in the dextromethorphan and 
placebo groups after 1 month (median 0.0 
(interquartile range 0-19) vs 15.5 (0-23), P=0.21). 


Discussion 

We have shown that there was no obvious benefit in 
perioperative administration of dextromethorphan in 
patients undergoing total abdominal hysterectomy 
when used within the confines of the chosen anaes- 
thetic regimen, on morphine consumption, early and 
late postoperative pain or clinical evidence of sec- 
ondary hyperalgesia. 

Table 3 Von Frey thresholds (g) for touch and pain, expressed as 


median (interquartile range). The threshold for touch ın the active 
treatment group was greater at 48 h 





Dextromethorphan Placebo P 
24h (n=27) (n=26) 
Touch 0 (0.89-0.00) 1 (~1.78-0.00) 0.20 
Pain 60 (0.53-81.3) 79 (12.9-152.9) 0.20 
48h (n=15) (n=12) 
Touch 0 (0 to—0.01) -0 7 (-2 to — 11) 0 04 
Pain 13 (0-38) 2 (0-55) 0.58 
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Sitting up 
Figure 2 VAS pain scores at 24 h in the dextromethorphan group 
(n=27) and ın the placebo group (n=26), at rest, on coughing and 
on sitting up from the lying position (median, interquartile range) 
No significant differences. 


Much work in animals has shown that the recep- 
tive fields of dorsal horn neurones expand after 
peripheral inflammation‘ with an increased state of 
excitability developing centrally which may persist 
long after afferent C-fibre activity has ceased.” ” 
Clinically, this is manifest as mechanical allodynia at 
peripheral sites distant from the inflamed area, and 
hyperpathia (i.e. increased pain in response to a nor- 
mally painful stimulus). Our patients, on both the 
first and second postoperative days, displayed evi- 
dence of secondary hyperalgesia with mechanical 
allodynia 10 cm above the skin incision, as manifest 
by positive von Frey thresholds. We did not examine 
evidence of hyperpathia, as this would have involved 
application of a painful force to the area of allodynia 
and patients being asked to record the VAS to this 
force. We felt that patient compliance with this part of 
the study would have been low in view of the fact that 
a detailed and time-consuming assessment was 
already being carried out. However, previous workers 
have also omitted this assessment in their measure- 
ment of secondary hyperalgesia after total abdominal 
hysterectomy’ and have relied instead on von Frey 
pain thresholds to assess methods of inhibiting dorsal 
horn changes. 

Dextromethorphan is a water-soluble agent with 
weak, non-competitive NMDA blocking proper- 
ties.” It is metabolized by O-dealkylation to yield 
the active metabolite dextrorphan, which is a more 
potent antagonist at the NMDA receptor. ” The 
efficacy of the NMDaA-blocking properties of 
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Figure 3 VAS pain scores at 48 h ın the dextromethorphan and 
placebo groups, at rest, on coughing and on sittng up from the 
lying position (median, interquarnle range) No significant 
differences. 
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Table 4 Incidence of side effects attributable to dextromethorphan 
after 24 and 48 h (number of patents affected (%)). No significant 
differences 





Dextromethorphan Placebo 
0-24h (n=27) (n=26) 
Dizziness 12 (44) 11 (42) 
Hot flushes 7 (26) 4 (15) 
Tremor 5 (19) 6 (23) 
Constipation 20 (74) 24 (92) 
Drowsiness 24 (89) 26 (100) 
Heartburn 6 (22) 26 (100) 
Nausea 19 (70) 19 (73) 
Vomiting 8 (30) 14 (54) 
24-48 h (n=14) (n=12) 
Dizziness 6 (43) 5 (42) 
Hot flushes 4 (29) 5 (38) 
Tremor 0 (0) 6 (50) 
Constpation 11 (79) 5 (42) 
Heartburn 5 (36) 3 (25) 
Nausea 5 (36) 3 (25) 
Vomiting 2 (14) 1 (8) 


dextromethorphan have been shown in several ani- 
mal studies, where it afforded neuronal protection in 
an ischaemic brain model," ” inhibited the develop- 
ment of tolerance to morphine”? and was neuropro- 
tective in glutamate-induced neuronal injury.” 
Electrophysiological work has also shown that 
dextromethorphan produced a reduction in wind-up 
after repetitive C-fibre stimulation.” In human 
studies, it has also been shown to reduce the clinical 
evidence of secondary hyperalgesia after thermal 
injury.’ The active metabolite of dextromethor- 
phan, dextrorphan, has also been shown to be benefi- 
cial in animal models where antagonism of the 
NMDA receptor is the desired outcome, for example 
in studies of neuropathic pain.” 

Although the above studies provide clinical 
evidence that dextromethorphan exhibits NMDA- 
blocking properties, the exact site of action remains 
unresolved. It seems to possess both presynaptic 
actions, where it inhibits the release of glutamate at 
the dorsal horn,” together with postsynaptic actions. 
However, its site of postsynaptic action is not certain 
as it possesses relatively low affinity for phencyclidine 
binding sites and has little affinity for MK-801 or 
glycine recognition sites. Thus indirect modulation of 
the NMDA receptor may be the mechanism by 
which its postsynaptic actions are mediated.” In con- 
trast, dextrorphan exerts its effects via binding to the 
phencyclidine site on the NMDA receptor complex. 

Work has also been carried out which has pro- 
duced negative results. Kauppila, Gronroos and 
Pertovaara,” in a study in volunteers, found that dex- 
tromethorphan 100 mg orally did not alter visual 
analogue pain scores after experimental limb 
ischaemia or topical capsaicin injection. When a dose 
of 200 mg was given, the incidence of side effects was 
100% with withdrawal of 50% of the volunteers from 
the study. McQuay and colleagues” investigated dex- 
tromethorphan in patients with neuropathic pain at 
doses of 40.5 mg and 81 mg daily. No significant 
analgesic benefit was shown, while seven of 19 
patients in the study withdrew because of adverse 
effects. 

Dextromethorphan has been available as an anti- 
tussive agent for more than 30 yr and has a strong 
safety profile with few severe drug reactions.” 
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However, troublesome side effects occur as the dose 
is increased.” ™ McQuay and colleagues” found that 
significant side effects were produced with 81 mg 
daily in patients with neuropathic pain, but the opti- 
mum dose for NMDA antagonism in the periopera- 
tive period has not been determined. Hollander and 
colleagues” have used up to 10 mg kg’ day” for 
patients with amyotrophic lateral sclerosis, while 
Albers and colleagues” found that 60 mg qid was 
free from side effects in patients at risk of brain 
ischaemia. In their study on human volunteers, Price 
and colleagues” found that oral doses of 30 mg and 
45 mg were effective at reducing the temporal sum- 
mation of second pain after peripheral thermal 
injury. The optimum dose of dextromethorphan in 
the perioperative period is not known, although it is 
probable that the doses used in this study were too 
small, as the incidence of adverse effects attributable 
to dextromethorphan was not significantly different 
between the two groups. A dose-finding study for 
dextromethorphan in the perioperative period would 
enable the maximum acceptable dose to be assessed 
after surgery. Coderre and Van Empel”” have shown 
that the antinociceptive effects of NMDA antagonists 
in persistent nociceptive models (formalin test) were 
apparent only at doses which produced significant 
adverse side effects. The antinociceptive effects were 
reported to be far from maximal despite significant 
side effects of both competitive and non-competitive 
NMDA antagonists administered intrathecally. If the 
same situation applies to humans in the perioperative 
period, then few NMDA antagonists would be suit- 
able for use in this period because of the poor adverse 
effect profile at higher doses. 

Another interpretation of our results is that 
NMDA receptor antagonism did occur, but that this 
was not detectable using mechanical allodynia, and 
that thermal allodynia should have been examined 
also. This is supported by evidence from animal stud- 
ies which has shown that NMDA receptor activation 
alone generates thermal allodynia and hyperalgesia, 
while mechanical allodynia and hyperalgesia require 
activation of AMPA and metabotropic glutamate 
receptors, the effects of which are enhanced by 
NMDA receptor activation.“ However, many previ- 
ous studies in animals have shown that NMDA 
receptor activation after peripheral inflammation 
leads to generation of mechanical allodynia and the 
intensity of this is diminished when efforts are made 
to inhibit activation of the NMDA receptor.”* * * 
More recent work, however, has shown that postop- 
erative pain behaviour in a rat model is not improved 
by administration of an NMDA antagonist intrathe- 
cally. 

The intraoperative analgesic regimen in theatre 
involved administration of i.v. morphine 10 min after 
skin incision. Although this differs from our normal 
practice, when an opioid is given at induction of 
anaesthesia before skin incision, we felt that our 
patients would not be disadvantaged by this study 
regimen. Previous studies have shown that pre-inci- 
sional morphine in this group of patients prevents the 
development of secondary hyperalgesia in the first 24 
h after operation’ “ and that there is significant evi- 
dence of secondary hyperalgesia if morphine admin- 
istration is left until closure of the peritoneum.” 
Completely obtunding the development of secondary 
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hyperalgesia by giving morphine at induction of 
anaesthesia would have resulted in the need for large 
numbers of patients in our study to show a difference 
between active and placebo groups. Alternatively, 
leaving morphine administration until the end of 
operation may have exposed our patients to unneces- 
sary morbidity. It was decided that administration 10 
min after skin incision was a reasonable compromise, 
as preclinical studies suggest that opioids delivered 
before the end of s may have a beneficial effect 
on the dorsal horn.” However, as our results have 
shown, this resulted in clinical evidence of NMDA 
receptor activation, although we cannot say how this 
would compare with groups given morphine before 
incision or on peritoneal closure. Further work on 
the optimum timing of administration of intraopera- 
tive opioids is required. 

It is interesting that the combined use of an agent 
with presynaptic actions at the dorsal horn (i.e. mor- 
phine), together with an agent with postsynaptic 
actions (i.e. dextromethorphan), did not prevent the 
development of secondary hyperalgesia, as the com- 
bination of these groups of agents produces synergis- 
tic effects at the dorsal horn. 

In summary, we have shown that the perioperative 
use of the NMDA antagonist, dextromethorphan, 
did not offer any benefit to patients undergoing 
abdominal hysterectomy within the confines of the 
study methodology. 
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Tramadol or morphine administered during operation: a study of 
immediate postoperative effects after abdominal hysterectomy 


J. F. COETZEE AND H. VAN LOGGERENBERG 


Summary 

Tramadol may cause awareness and EEG activa- 
tion during anaesthesia. We compared tramadol 
with morphine, administered during wound-clo- 
sure, surmising that tramadol may cause earlier 
awakening, more rapid recovery, less respiratory 
depression and equivalent pain relief. Forty 
patients received nitrous oxide—enflurane for 
abdominal surgery. At wound closure, patients 
received tramadol 3 mg kg" or morphine 0.2 mg 
kg” and end-tidal enflurane concentrations were 
maintained at 0.5 kPa until skin closure, where- 
upon anaesthesia was discontinued. Times to 
spontaneous respiration, awakening and orien- 
tation were similar in the two groups, as were 
blood-gas tensions, ventilatory frequency, pain 
scores and incidence of nausea. Half of each 
group required supplementary analgesia during 
their 90-min stay in the recovery room. P-deletion 
counts improved more rapidly in the tramadol 
group. This study confirms previous reports that 
tramadol did not antagonize the hypnotic effects 
of volatile anaesthetics. Tramadol, administered 
during operation, was as effective as morphine in 
providing postoperative analgesia while permit- 
ting more rapid psychomotor recovery. (Br. J. 
Anaesth. 1998; 81: 737-741). 


Keywords: analgesics non-opioid, tramadol; analgesics opi- 
oid, morphine; pain, postoperative; analgesia, gynaecological 


Tramadol has been shown to increase the incidence of 
intraoperative awareness during nitrous oxide—-oxygen 
anaesthesia.’ Coetzee, Maritz and du Toit’ showed 
that awareness is unlikely during light, stable anaes- 
thesia with nitrous oxide and isoflurane. However, 
they demonstrated that tramadol caused dose-depen- 
dent activation of the electroencephalogram (EEG). 
Houmes and colleagues showed tramadol to be as 
effective and safe as morphine for the treatment of 
postoperative pain.’ Potential advantages of adminis- 
tering tramadol for postoperative pain relief include 
long duration of action’ and limited respiratory 
depressant effects.” Maximum analgesia occurs 1-2 h 
after i.v. administration, therefore tramadol should 
preferably be given during operation because admin- 
istration after inhalation anaesthesia has been shown 
to provide inadequate postoperative pain relief .*° 

In this study, we have compared the effects of tra- 
madol or morphine administered during wound clo- 
sure. The hypothesis was that tramadol would cause 
earlier awakening after anaesthesia, more rapid 


recovery of cognitive function, less respiratory 
depression during the immediate postoperative 
period and equivalent pain relief. 


Patients and methods: 


After obtaining approval from the Institutional 
Ethics Committee and informed consent, we studied 
40 patients, ASA I or II, aged 23—67 yr, weighing 
41-100 kg, in a comparative, double-blind, random- 
ized study. Exclusion criteria were cardiac or pul- 
monary disease, pregnancy, lactation, administration 
of analgesic or psychotropic drugs, history of central 
nervous system disease (including epilepsy), history 
of a disabling psychiatric disorder and allergy to opi- 
oids. All patients underwent abdominal hysterectomy 
via a lower abdominal incision performed by various 
surgeons. 

Postoperative pain intensity and cognitive function 
were assessed using a visual analogue scale (VAS) 
and a p-deletion test. In the latter test, the patient 
was presented with an A4 sheet containing 62 lines of 
80 close-spaced, randomly typed, lower case letters 
per line and requested to delete as many letter p’s as 
possible without omission, reading from left to right 
down the page.’® All patients met the anaesthetist 
on the day before surgery who instructed them on 
how to use the VAS and p-deletion test. A baseline 
p-deletion score was obtained. 

Patients were allocated randomly to one of two 
groups. Premedication and anaesthetic technique 
were the same in both groups. Premedication com- 
prised diazepam 10 mg orally, administered 2 h 
before operation. Anaesthesia was induced with fen- 
tanyl 4 ug kg” followed by propofol 1.5-2.0 mg kg” 
and vecuronium 0.08 mg kg”. The patient’s trachea 
was intubated and ventilation was controlled using a 
circle-absorber breathing system to maintain end- 
expired carbon dioxide partial pressure at 4.0-4.5 
kPa. Anaesthesia was maintained using enflurane and 
60% nitrous oxide in oxygen. Enflurane concentra- 
tions were monitored using an infrared anaesthetic 
gas monitor (Siemens Sirecrust model 743G) and 
end-expired concentrations were maintained at 
0.6-1.0%. Routine monitoring included ECG, pulse 
oximetry, capnography and non-invasive arterial 
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pressure measurements (Datex Cardiocap, Datex 
Inc., Finland). 

At the start of wound closure, patients received 
tramadol 3 mg kg” or morphine 0.2 mg kg" i.v. The 
drug was diluted to 5 ml by an anaesthetist who was 
not one of the observers. In order to compare the 
acute haemodynamic effects of i.v. administration of 
tramadol 3 mg kg” with morphine 0.2 mg kg’, mea- 
surements of arterial pressure and heart rate were 
documented before administering the drug and 
thereafter at 1,5, 10 and 15 min after injection. 

Also, at the start of wound closure, end-expired 
enflurane concentrations were decreased to 0.5% 
and ventilation minute volume reduced to allow end- 
tidal carbon dioxide partial pressure to increase to 
5.5 kPa. Residual neuromuscular block was antago- 
nized with glycopyrrolate 0.008 mg kg” and neostig- 
mine 0.03 mg kg”. At the last skin-stitch, the 
anaesthetic gases were discontinued and a fresh gas 
flow of 6 litre min” was administered. The trachea 
was extubated on awakening while breathing sponta- 
neously after which patients were transported to the 
recovery area where they were monitored for at least 
90 min. 

Time to commencement of spontaneous respira- 
tion, time to awakening as judged by the patient 
responding to the command “open your eyes”, and 
time to orientation (as judged by being able to 
respond correctly to the question “When is your 
birthday”) were recorded in the operating room. 

In the recovery area, all patients received 35% oxy- 
gen by mask. Pain intensity was assessed by the 
patient and anaesthetist on arrival in the recovery 
room and every 15 min thereafter using a visual ana- 
logue scale (0=no pain, 10=worst possible pain). In 
addition, the presence of nausea and/or vomiting was 
recorded and the success of antiemetic therapy 
noted. The extent of respiratory depression was 
assessed by measurement of arterial blood-gas ten- 
sions on arrival in the recovery room and by measur- 
ing- ventilatory frequency every 15 min. Arterial 
blood was obtained by radial artery puncture into a 
heparinzed syringe, and a Stat Profile Ultra appara- 
tus (Nova Biomedicals, MA, USA) was used to mea- 
sure blood-gas partial pressures. Recovery of 
psychomotor function was assessed in the recovery 
room using the p-deletion test at 15-min intervals. 
Patients who requested additional pain relief were 
given morphine 0.15 mg kg” i.m. Nausea was treated 
with metoclopramide 10 mg i.v. Data were recorded 
for 90 min in the recovery area or until patients 
received additional analgesia. 


DATA ANALYSIS 


A 5-min time difference for regaining consciousness 
between groups was regarded as clinically significant 
(sD 5 min). Assuming an alpha value of 0.05, a sam- 
ple size of 17 was calculated to be required for a 
power of 0.8 for the ¢ test. Each individual’s p-dele- 
tion tests were standardized by comparing with 
preoperative values and calculating the “speed”? 
(i.e. speed=100x(No. of p’s deleted)/(preoperative 
count)). 

Statistical analysis was performed using a software 
package (Sigmastat for DOS version 5, Jandel 
Scientific Software, USA). Each patient’s rate of 
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recovery of cognitive function was assessed by deter- 
mining the slope of the linear regression equation of 
p-deletion scores vs time. Inter-group comparisons 
were performed using unpaired two-tailed 1 tests. 
Pain scores were compared using the Mann-Whitney 
non-parametric test. 


Results 


Patient characteristics are presented in table 1. The 
two groups were comparable in age, weight, length 
and duration of anaesthesia. Tramadol 3 mg kg” or 
morphine 0.2 mg kg” administered during anaesthe- 
sia did not cause changes in arterial pressure or heart 
rate (table 2). In the operating room there were no 
differences in times to spontaneous respiration, 
awakening or orientation (table 3). 

On arrival in the recovery room, blood-gas ten- 
sions, ventilatory frequency and pain scores were 
similar in the two groups (table 4). Ventilatory fre- 
quencies and pain scores remained similar in the two 
groups throughout the 90-min observation period 
(table 5). Six patients in the tramadol group and 
eight patients in the morphine group required sup- 
plementary analgesia at 59 (sp 19) min and 69 (24) 
min, respectively (ns between groups) (table 4). Four 
and two patients suffered nausea in the tramadol and 
morphine groups, respectively (Fisher’s exact test, 
P=0.42). 

The baseline p-deletion counts were similar in the 
two groups (table 6). No patient was able to perform 
p-deletion tests on arrival in the recovery room or 15 
min thereafter. In both groups the number of capable 


Table 1 Patient data (mean (sp or range)) ın the two groups ` 








t test 
95% CI of 
Variable Tramadol Morphine difference t P 


Age (yr) 38.2 41.9 -2.5t09.8 1.21 0.23 


(8.0) (10.9) 
Length (m) 1.56 1.59 -0.02 to 0.07 1.0 0.32 

(0 09) (0.05) 
Mass (kg) 64.7 69.4 0.88 0.39 
(14.5) (18.8) 


-61 to 15.4 


Table2 Mean arterial pressure (MAP) and heart rate (HR) 
changes after administration of tramadol or morphine during - 
wound closure (mean (sp)) 
MAP (mm Hg) HR (beat min”) 
Time 


(min) Tramadol Morphine Tramadol Morphine 





0 93.1 91.6 76 75 
(16.2) (15.2) (12) (11) 
1 906 89.2 71 77 
(14) (15.3) (15) (12) 
5 903 87.6 73 78 
(12.6) (11.4) (16) (12) 
10 98 95.3 81 81 
(16.1) (13.9) (14) (9) 
15 92.5 99.2 75 81 


(12.6) (15 1) (13) (16) 


Tramadol or morphine adminstered during operation 


Table 3 Operating room umes (mean (sp) in the morphine and 
tramadol groups 





ttest 
95% Cl of 
Variable Tramadol Morphine difference t P 
Duration of 102.8 96.9 
anaesthesia (34.7) (37 0) 


-28.8 to 17.0 0.52 0.61 


(main) 

Time taken for 10.6 12.7 -5.5 to 1.4 1.22 0 23 
wound closure (3.7) (6.4) 
(min) 

Time to 32 -4.1 -0.7 to 2.5 1.13 0.27 
spontaneous (2.7) (2.3) 
respiration 
(min) 

‘Time to 7.8 8.3 -2.0 to 3.0 041 0.68 
awakening (4.0) (3.7) 
(min) 

Time to 17.9 18.9 4.51065 0.37 0.72 
orientation (8.8) (8.4) 
(min) 


Table 4 Recovery room measurements (mean (sp) in the 
tramadol and morphine groups. Slope of recovery = slopes of the 
linear regression equations of p-deletion scores vs time 








t test 
95% CI of 
Variable Tramadol Morphine difference t P 
Pao, (kPa) 16.0 163 3.31039 0.15 088 
(7.1) 3.1) 
Pago, (kPa) 5.7 56 -0.4 to 0.4 0.1 0.92 
(0.7) (0 6) 
Slope of 0.44 0.28 —0.31 to-0 01 2.18 0.036 
recovery (0.2) (0.2) 
(No. min”) 
Time to 59.3 68.9 —11 6to 30.8 0.95 0.35 


supplementary (19.3) (24.2) 
analgesia (min)(n=6) (n=8) 


patients increased with time and their scores 
improved. At 30 min after arrival, five patients in the 
tramadol group and. four in the morphine group 
could do the tests and their performances were 
similar. At 45, 75 and 90 min, p-deletion counts and 
speed were greater in the tramadol group. The group 
mean of the slopes of the regression lines of each 
patient’s p-deletion scores vs time was greater in the 
tramadol group. At 90 min, no patient was able to 
match their preoperative performance. 


Discussion 


Patients were deliberately anaesthetized lightly 
(0.5% enflurane in 60% nitrous oxide) until the last 
skin stitch was applied in order to determine if tra- 
madol would accelerate recovery from anaesthesia. 
In a previous study’ we administered tramadol 100 
mg and 200 mg during light isoflurane—nitrous oxide 
anaesthesia and found that tramadol caused signifi- 
cant dose-dependent activation of the EEG for at 
least 20 min, evidenced by increased EEG frequen- 
cies and decreased amplitudes. These changes were 
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Table 5 Postoperative vennlatory frequencies and pain scores 
(median (25~75th percentiles) [number of patients]) 





Variable Time Tramadol Morphine P 
Venulatory Baseline 19 19 0.5 
frequency (bpm) (17-22) (16-20) 
[20] [20] 
15 min 20 19 0.71 
(16-20) (16-20) 
[20] [20] 
30 min 20 18 0 34 
(16-20) (16-20) 
[20] [20] 
45 min 20 18 0.14 
(18-20) (17-20) 
[20] [20] 
60 min 20 18 0.2 
(18-20) (17-20) 
[14] [16] 
75 min 18 18 0.23 
(18-20) (16-20) 
[5] [13] 
90 mun 19 18 0.32 
(17-20) (16-20) 
[14] [12] 
Pain score 15 min 5 6 >0.1 
(4.46.3) (5-8) 
[5] [10] 
30 min 5 6.5 0.28 
(3.5-6.8) (4-8) 
[15] [18] 
45 min 6 6 0.63 
(5-8) (4.0-7.5) 
[18] [19] 
60 mun 5.5 55 0.79 
(4.5-7.5) (3.0-7 8) 
[16] 14 
90 min 5 5 0.77 
(4.0-7.5) (4-7) 
[15] [13] 


small and the derived EEG variables did not 
approach values known to be associated with near 
awakening during anaesthesia. In view of these facts, 
we surmised that a greater dose may generate suffi- 
cient arousal to hasten recovery from anaesthesia and 
we administered up to twice the largest dose of our 
previous study. This did not lead to more rapid emer- 
gence from anaesthesia or to earher orientation. 
Therefore, our present findings support our previous 
conclusion that tramadol does not cause clinically 
significant lightening of anaesthesia. The significance 
of our previous finding of EEG activation by tra- 
madol’ is difficult to interpret. It is a well known phe- 
nomenon, however that certain hypnotics (e.g. 
midazolam, thiopental, etomidate) exhibit a biphasic 
response, causing EEG activation in low doses (in 
spite of subjects being sedated or even asleep) before 
leading to EEG depression.” 

Duration of wound closure was similar in both 
groups so that it is unlikely that it could have had sig- 
nificant influence on postoperative measurements of 


740 


British Journal of Anaesthesia 


Table 6 P-deletion scores obtained in the recovery area (mean (sp) [number of patients]) 


Variable Time Tramadol 
P-deletion Preoperative 54 
count baseline (14) 
[20] 
30 min 9 
(8) 
[5] 
45 min 23 
(20) 
{9] 
60 min 21 
(20) 
[12] 
75 min 29 
(23) 
[12] 
90 min 32 
(20) 
[12] 
Speed (%) 30 min 15 
(14) 
(5] 
45 min 37 
(32) 
[9] 
60 min 38 
(32) 
[12] 
75 min 42 
(27) 
[12] 
90 min 53 
(30) 


recovery. Furthermore, administration of nitrous 
oxide and enflurane was continued up until the time 
of the last stitch in order to standardize the timing of 
the recovery process, thereby eliminating the influence 
of variation in the duration of wound closure. 
Tramadol or morphine was administered at the 
beginning of closure of the peritoneum, at which 
time end-expired enflurane concentrations were tar- 
geted at 0.5%. This was done for two reasons: first, as 
both morphine and tramadol are reputed to be some- 
what slow-acting, we reasoned that at the end of 
wound closure, the drugs would be exerting maxi- 
mum effects. Second, we normalized the recovery 
process by ensuring that the partial pressures of the 
anaesthetic gases were the same in all patients at the 
start of drug excretion. 

Additional evidence to support the conclusion that 
tramadol does not antagonize the hypnotic effects 
of anaesthetic gases is provided by the finding that 
for the first 15 min after arrival in the recovery room, 
all patients in both groups were unable to perform 
p-deletion tests. At 30 min only approximately 50% 
of patients in both groups were sufficiently alert 
to accomplish p-deletions. It is likely that during this 


t test 

95% CI of 
Morphine difference t P 
51 -15to7 0.7 0.49 
(20) 
[20] 
2 -17to3 1.6 0.15 
(1) 
[4] 
5 -32 to -3 2.6 0.02 
(4) $ 
[9] 
8 -25 to 0 2.0 0.53 
(CA) 
[12] 
11 -23 to -1 2.2 0.04 
(12) 
[15] 
17 -28 to -2 2.3 0.029 
(12) 
[14] 
5 -27 to 8 1.34 0.22 
B) 
[4] 
10 -50 to 4 2.5 0.22 
6) 
[9] 
18 41 to2 1.9 0.068 
(16) 
[12] 
23 -38 to 0 2.1 0.048 
(21) 
[15] 
32 ~40 to-1 2.2 0.042 
(18) 


early recovery phase, patients were encountering 
residual effects of enflurane and we suggest that if 
tramadol opposed the effects of the anaesthetic, the 
tramadol group would have performed better. ` 

After 45 min in the recovery room, all patients in 
the tramadol and morphine groups were able to per- 
form the p-deletion tests. From-this time onwards, 
the tramadol patients had more rapid recovery of 
psychomotor function as evidenced by the greater 
slopes of their regression lines of p-deletions vs time 
and by their greater p-deletion counts and speed. 
This tendency towards more rapid recovery of psy- 
chomotor function is in agreement with the study of 
Vickers and colleagues” who compared tramadol 
with morphine for postoperative pain after abdomi- 
nal surgery and found that there was a tendency to 
better recovery in those patients who received tra- 
madol. This should not be interpreted as an indica- 
tion that tramadol caused increased alertness, but 
rather that it caused less sedation than morphine. 

Tramadol is reputed to cause less respiratory 
depression than morphine.’ However, in our study, 
times to commencement of breathing in the operat- 
ing room, blood-gas partial pressures on arrival in 


Tramadol or morphine adminstered during operation 


the recovery room and breathing rates were similar. 
Therefore, it appears that the two agents did not 
exert different effects on respiration after operation. 
This may perhaps be a result of the continuing 
depressant effects of enflurane masking any differ- 
ences that may have existed in the the immediate 
postoperative period. It is possible that more sensi- 
tive tests of the respiratory centre (e.g. carbon diox- 
ide dose-response curves) would have detected a 
minor difference, however, the difference is not likely 
to have been clinically relevant. Pulse oximetry was 
not used as a measure of respiratory depression 
because all patients were breathing high oxygen con- 
centrations and would have most likely remained 
well oxygenated in spite of moderate hypoventilation. 

Our tramadol dose of 3 mg kg’ was higher than 
previously recommended doses for pain relief after 
abdominal surgery. There is considerable variation in 
the doses that have been found to be effective in pre- 
vious studies. Houmes and colleagues’ administered 
a maximum of 150 mg in three divided doses over 
6h and found this to be insufficient for patients 
experiencing severe pain. Vickers and colleagues” 
administered greater doses; an initial dose of 100 mg 
followed by a flexible dosing regimen, providing up 
to 100-250 mg in the first 90 min and 650 mg during 
the first 24 h. The initial bolus provided sufficient 
pain relief in only 12.5% of patients and the overall 
responder rate was only 72.6%. During the first 
1.5 h, patients required 188.2 mg. The authors con- 
cluded that adequate dosing in the early postopera- 
tive phase is important and that relief of pain after 
abdominal surgery is indistinguishable from that of 
morphine if given in appropriate i.v. doses. 
Therefore, we suggest that the greater tramadol dose 
(3 mg kg’) that we used is more suitable for treat- 
ment of postoperative pain, causing minimal side 
effects. 

Tramadol, a weak mu-agonist, has not been shown 
to potentiate the effects of anaesthetics and therefore 
it is generally not recommended as an adjunct to 
anaesthetic agents during surgery. It is our practice, 
however, to administer analgesics during the final 
stages of a surgical procedure to ensure that patients 
have basic pain relief during the immediate postoper- 
ative phase. Used in this way at a dose of 3 mg kg’, 
our study indicated that tramadol was as effective as 
morphine for controlling pain in the immediate post- 
operative period, without any increase in the inci- 
dence of nausea and vomiting or cardiovascular 
changes. Furthermore, there was a more rapid rate of 
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recovery of psychomotor function probably caused 
by the lack of significant sedatıng effects. We suggest 
therefore that tramadol has a useful role in anaes- 
thetic practice, particularly for day-surgery where 
rapid return to normal activities is desired. 
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Comparison of the analgesic potency of xenon and nitrous oxide in 
humans evaluated by experimental pain 


S. PETERSEN-FELIX, M. LUGINBUHL, T. W. SCHNIDER, M. CurRATOLO, L. ARENDT-NIELSEN 


AND A. M. ZBINDEN 


Summary 

We have compared the analgesic potency of 
MAC-equivalent concentrations of xenon (10, 20, 
30 and 40%) and nitrous oxide (15, 30, 45 and 
60%) in humans using a multimodal experimen- 
tal pain testing and assessment technique. We 
tested 12 healthy volunteers in a randomized, 
single-blind, crossover study. The following 
experimental pain tests were used: nociceptive 
reflex to repeated stimuli; pain tolerance to 
maximal effort tourniquet ischaemia; electrical 
stimulation; mechanical pressure; and cold. 
Reaction time was also measured. Xenon and 
nitrous oxide produced analgesia to ischaemic, 
electrical and mechanical stimulation, but not to 
cold pain. There was no difference in MAC- 
equivalent concentrations of xenon and nitrous 
oxide. Both increased reaction time in a similar 
manner. Xenon and nitrous oxide evoked nausea 
and vomiting in a large number of volunteers. 
(Br. J. Anaesth. 1998; 81: 742-747). 


Keywords: anaesthetics gases, nitrous oxide; anaesthetics 
gases, xenon; pain, experimental 





The anaesthetic properties of xenon in humans were 
first reported by Cullen and Gross in 1951.’ Xenon 
possibly has a future as an anaesthetic, replacing 
nitrous oxide.’ In contrast with nitrous oxide, xenon 
is non-toxic and probably metabolically inert. 
Nitrous oxide can be a health hazard after prolonged 
exposure to low concentrations.** Nitrous oxide is 
teratogenic in rats, whereas xenon is not.° Also, 
xenon is harmless to the ozone layer and probably 
more potent than nitrous oxide.” ° The main limiting 
factor for the widespread use of xenon has been its 
very high cost. However, costs can be reduced using 
anaesthetic machines with recycling systems for 
xenon. 

A recent study’ showed no statistically significant 
difference in the analgesic effects of 0.3 MAC of 
xenon (21%) and nitrous oxide (30%).” © However, 
only a small number of volunteers were studied 
(n=6) and only pain thresholds to heat stimulations 
were measured. Utsumi and colleagues” found that 
70% xenon and 70% nitrous oxide suppressed spinal 
cord dorsal horn neurones to a similar degree, with 
no significant difference between the two agents. 

The importance of using a multimodal testing and 
assessment technique can be demonstrated by the 
following example. Propofol in subanaesthetic con- 


centrations increases the threshold of the nociceptive 
reflex to single stimulations.” If we compare this 
result with earlier studies with different analgesic 
drugs using the same stimulation methodology, *” 
we could conclude that propofol has an analgesic 
effect. But propofol does not affect the threshold of 
the nociceptive reflex to repeated stimulations,” 
which would indicate that propofol, after repeated 
stimulations, does not have an analgesic effect. 
However, propofol reduces pain tolerance to 
mechanical pressure, indicating a hyperalgesic effect 
on mechanical pressure.” 

The aim of our study was to use a multimodal 
experimental pain testing and assessment technique 
to compare the analgesic potency of xenon and 
nitrous oxide in humans. 


Subjects and methods 


The study was approved by the Ethics Committee of 
the Faculty of Medicine, University of Bern, and 
written informed consent according to the Helsinki 
Declaration was obtained. We studied 12 healthy 
volunteers (median age 24.0 (range 22-30 yr)), who 
were not receiving any medications, had no allergies 
or previous adverse reactions to anaesthesia in a 
randomized, single-blind, crossover study. Female 
volunteers were excluded if they were pregnant. They 
were investigated on two different days with at least a 
48-h interval. Because of logistical reasons (separate 
anaesthetic machines and gas analysers for xenon 


_and nitrous oxide), volunteers could not be blinded 


to the person carrying out the tests, but were blinded 
to the gas used. 

‘To minimize the risk of acid aspiration, dolua 
were tested after a fasting period of at least 6 h, and 
before testing they received ranitidine 150 mg 
dissolved in water. During testing, volunteers rested 
comfortably in the supine position. An i.v. infusion of 
saline was started and haemoglobin oxygen satura- 
tion by pulse oximetry, ECG and non-invasive arter- 
ial pressure were monitored continuously during the 
experiment. Subanaesthetic gas concentrations were 
delivered via a face mask fastened with conventional 
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rubber straps. Inspiratory and expiratory gases were 
sampled close to the nostrils via a plastic tube fitted 
through a hole drilled in the mask. Inspired and 
end-tidal nitrous oxide, oxygen and carbon dioxide 
concentrations were analysed using a Capnomac 
Ultima (Datex, Helsinki, Finland) and stored on a 
personal computer. Inspired xenon was analysed 
using a mass spectrometer (Xenotec 2000, Leybold, 
Köln, Germany). The gas monitors were calibrated 
before each investigation. The following experimen- 
tal tests were applied in the order listed below. 


NOCICEPTIVE REFLEX TO REPEATED STIMULI 


The sural nerve was stimulated behind the right 
lateral malleolus via surface electrodes filled with 
electrode gel (inter-electrode distance approximately 
3 cm). A 25-ms stimulus (in reality a train-of-five 
l-ms square wave impulses, which is perceived as a 
single stimulus) was repeated five times with a 
frequency of 2 Hz.” Electromyographic (EMG) 
reflex responses were recorded with surface elec- 
trodes placed over the middle of the biceps femoris 
and rectus femoris. Current intensity was increased 
from 1-2 mA in steps of 1-2 mA until summation in 
the reflex response was observed. Summation was 
defined as an increase in amplitude of the fourth 
and/or fifth reflexes of at least 50% compared with 
the first and/or second reflexes.””” The summation 
threshold was defined as the minimal current inten- 
sity that could repeatedly elicit a summation 
response in the EMG. 


ISCHAEMIC PAIN TOLERANCE 


Pain tolerance to maximal effort tourniquet 
ischaemia was used.” An arterial pressure cuff was 
placed on the right arm. The volunteer exercised at 
maximal effort with a calibrated handgrip trainer at a 
strength of 25 pounds for 2 min. The cuff was then 
immediately inflated and the pressure kept constant 
at 250 mm Hg for a maximum of 2 min. If pain was 
considered intolerable before 2 min had elapsed, the 
volunteer could verbally indicate this. The elapsed 
time was noted, and the cuff was deflated. Perceived 
pain intensity was rated continuously using an elec- 
tronic visual analogue scale (VAS) and recorded on a 
personal computer. Duration of ischaemia, peak pain 
and area under the pain intensity-time curve were 
determined. If the cuff was deflated before the end of 
2 min, pain intensity was considered to be maximal 
until the end of the period (for calculation of area 
under the curve). 


ELECTRICAL PAIN TOLERANCE 


A l-mm diameter intracutaneous electrode” was 
applied to the second toe of the left foot. 
Intracutaneous placement was accepted if the 
sensory threshold was less than 0.5 mA. Electrical 
pain tolerance thresholds were determined with a 
25-Hz train of 0.5-ms constant-current square wave 
pulses of increasing intensity (0.01 mA per stimula- 
tion, maximum intensity 10 mA) delivered from a 
computer-controlled stimulator (University of 
Aalborg, Denmark). The volunteer was instructed to 
press a button when the pain became intolerable. The 
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current intensity at this point was recorded and 
defined as the electrical pain tolerance threshold. 
Four stimulations were given (inter-stimulus interval 
10-20 s) and the average of the last three determina- 
tions was calculated. 


PRESSURE PAIN TOLERANCE 


Pressure pain tolerance thresholds were determined 
on the centre of the pulp of the second and third fin- 
ger of the left hand with an electronic pressure 
algometer (Somedic AB, Stockholm, Sweden).”””*” 
A probe with a surface area of 0.28 cm’ was used, 
and the pressure increase was set to 30 kPa s’. Pain 
tolerance was defined as the point when the volun- 
teer did not want the pressure to be increased fur- 
ther. For determination of the threshold, the mean of 
two consecutive measurements was used. 


COLD PAIN TOLERANCE 


A 2-min ice water test was used.” ”** Before 


immersion, the skin temperature on the thenar of the 
left hand was measured and if it was less than 
30.0 °C, the hand was warmed until skin tempera- 
ture was more than 30.0 °C. The left hand was then 
immersed in ice saturated water (1.54+1.0 °C) which 
was stirred continuously during immersion. If pain 
was considered intolerable before 2 min had elapsed, 
the volunteer could withdraw the hand, and the 
elapsed time was noted. Perceived pain intensity was 
rated continuously with an electronic visual analogue 
scale (VAS) and recorded on a personal computer. 
Duration of immersion, peak pain and area under the 
pain intensity-time curve were determined. If the 
hand was withdrawn before the end of 2 min, pain 
intensity was considered to be maximal until the end 
of the 2-min period (for calculation of area under the 
curve). 


REACTION TIME 


A 1000-Hz tone was delivered from a computer with 
randomized intervals of 3-8 s, and a timer started 
simultaneously. The volunteer was told to press a 
button as fast as possible after each tone. Reaction 
time was defined as the time from the tone until the 
volunteer pressed the button. The mean of five con- 
secutive measurements was used. 

The pain tests were explained to the volunteer and 
a trial testing of all techniques was performed in 
order to familiarize the volunteer with the procedure. 
The mask was then fitted until the volunteer felt 
comfortable, and there were no leaks. Thereafter the 
volunteer breathed oxygen for a minimum of 5 min 
via a semi-closed breathing system (Cicero EM 
Xenon, Drager, Lübeck, Germany). 


PROCEDURE 


A baseline test series of the above tests was per- 
formed. Thereafter, according to the randomization, 
xenon or nitrous oxide in MAC-equivalent concen- 
trations’ © was introduced slowly into the breathing 
system (fresh gas flow 3 litre min”) and adjusted to 
the first concentration. For xenon, volunteers 
received 10, 20, 30 and 40% (inspired), and for 
nitrous oxide 15, 30, 45 and 60% (end-tidal). We had 
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planned to randomize whether the gases should be 
given in an ascending or descending order, but one of 
the authors in a pilot study vomited within 5 min 
after receiving 50% nitrous oxide, and the first volun- 
teer given nitrous oxide in a descending series also 
vomited after receiving 60% which prevented com- 
pletion of the experiment. Thereafter, all gas concen- 
trations were given in ascending order. 

Testing was started after a 10-min equilibration 
period at constant inspired (xenon) or end-tidal 
(nitrous oxide) concentrations. After testing had 
been performed at all four concentrations, the gas 
was discontinued. A final post-gas test series was per- 
formed after the volunteer had breathed oxygen via 
the mask for 30 min. At the two lowest concentra- 
tions of xenon and nitrous oxide and at the post-gas 
test series, all experimental tests were performed 
(duration of test series 15-18 min). At the two high- 
est concentrations of xenon and nitrous oxide, 
ischaemic pain and cold pain tolerance were not 
determined, as these require a higher degree of 
co-operation than pressing a button when the pain 
becomes intolerable (duration of test series 5-8 min). 
The inspired to end-tidal nitrous oxide concentration 
difference during the last 5 min of each equilibration 
period was later calculated from the stored data. 

Statistical analysis was performed independently 
for each pain test. The numerical values for each 
measurement were transformed to percentage of 
baseline measurements. To determine if there was a 
statistically significant trend over concentrations, the 
Page test for ordered alternatives was used for each 
pain test and gas. For each pain test, the assumed 
equi-effective concentrations of xenon and nitrous 
oxide were compared using the Wilcoxon signed 
ranks matched pairs test. The Wilcoxon test was also 
used to test for an effect of time on each pain test by 
comparing baseline with post-gas measurements for 
each gas. P<0.05 was considered significant. 


Results 


For the two lowest concentrations of xenon (10 and 
20%) and nitrous oxide (15 and 30%), testing was 
performed in 11 of the 12 volunteers. One volunteer 
developed myoclonia-like side effects after adminis- 
tration of 20% xenon, and further administration of 
xenon was stopped. Because of nausea and vomiting, 
testing was only possible in a few volunteers at 45% 
xenon and 60% nitrous oxide, and therefore statisti- 
cal analysis could not be performed at the highest 
concentration. For the nociceptive reflex to repeated 
stimulations, statistical analysis was performed at the 
three remaining concentrations; for all other tests, 
analysis was performed at the two lowest gas concen- 
trations. Figure 1 summarizes the results for 20% 
xenon and 30% nitrous oxide. 

The nociceptive reflex to repeated stimuli was 
tested in eight volunteers at three concentrations of 
xenon (10, 20, 30%) and three concentrations of 
nitrous oxide (15, 30, 45%) (table 1). There was a 
significant trend for an increase in the threshold to 
nociceptive reflex to repeated stimulations for 
increasing concentrations of both xenon (P<0.001) 
and nitrous oxide (P<0.001). There was no signifi- 
cant difference between MAC-equivalent concentra- 
tions of xenon and nitrous oxide. 
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Figure 1 Effects of 20% xenon and 30% nitrous oxde (N,Q) on 
the nociceptive reflex (Noc. refl.), ischaemic pain tolerance (area 
under the pain intensity—tme curve), electrical pain, pressure pain 
tolerance, cold pain tolerance (area under the pain intensity—trme 
curve) and reaction nme. Results are expressed as percentage of 
baseline values. 


For increasing concentrations of both xenon and 
nitrous oxide, there was a significant trend in (table 2): 
(1) reduction in the area under the pain intensity—time 
curve for ischaemia (xenon P<0.001, nitrous oxide 
P<0.001) but not for cold; (2) reduction of the maxi- 
mal or peak pain intensity for ischaemia (xenon 
P<0.05, nitrous oxide P<0.01) but not for cold; (3) 
increase in duration of cold (xenon P<0.05, nitrous 
oxide P<0.01) but not ischaemic pain; (4) increase in 
electrical (xenon P<0.001, nitrous oxide P<0.01) 
and mechanical pressure (xenon P<0.01, nitrous 
oxide P<Q.001) pain tolerance; and (5) increase in 
reaction time (xenon P<0.001, nitrous oxide 
P<0.001). 

There was a significant difference between the 
reduction in the area under the ischaemic pain inten- 
sity-time curve for 10% xenon and 15% nitrous 
oxide (P<0.05) and in the difference between the 
increase in electrical pain tolerance for 10% xenon 
and 15% nitrous oxide (P<0.05), and for 20% xenon 
and 30% nitrous oxide (P<0.02). 

Except for sensory threshold (P<0.05) and pain 
tolerance (P<0.05) to electrical stimulation, and 
duration of immersion in iced water for nitrous oxide 
(P<0.02), there was no effect of time (post~gas values 
were not significantly different from baseline) on the 
pain tests (table 3). 

The inspired to end-tidal nitrous oxide concentra- 
tion difference during the last 5 min of each equili- 
bration period was not more than 1%. 

Of the 11 volunteers tested with both xenon and 
nitrous oxide, nine experienced nausea at 30% xenon 
and seven at 45% nitrous oxide. Vomiting occurred in 
six volunteers after 30% xenon and in six after 45% 
nitrous oxide. 


Discussion 


Our study showed that xenon and nitrous oxide 
attenuated pain induced with different modalities in 
a similar manner, indicating that they have similar 
analgesic profiles. The analgesic potency of xenon 
was approximately 1.5 times higher than that of 
nitrous oxide. Both xenon and nitrous oxide evoked 
nausea and vomiting in a large number of volunteers. 

The MAC values of xenon and nitrous oxide have 


Analgesic potency of xenon and nitrous oxide 745 


Table 1 Numerical results for the nociceptive reflex to repeated stimulations. All values are median (25-75 percentiles), and are expressed 


as percentage of baseline values (baseline = 100%). There was a significant trend for increasing concentrations of both xenon and nitrous 
oxide 











Xenon Nitrous oxide 

Concentration % of baseline Concentration % of baseline 

10% 114.3 (100.0-120.0) 15% 100.0 (100.0-121.7) 
20% 122.5 (100.0—130.8) 30% 116.7 (102.5-126.4) 
30% 150.0 (100.0—164.2) 45% 140 0 (115.7-152 9) 


Table 2 Numerical results for the experimental pain tests and reaction nme. All values are median (25-75 percentiles), and are expressed as 
percentage of baseline values (baseline = 100%). *P<0.05 for a significant trend for increasing concentrations of both anaesthetics 


Xenon Nitrous oxide 
Test 10% 20% 15% 30% 
Ischaemic pain tolerance—peak pain * 93.3 (52.9-100.0) 93.4 (50.0-100.0) 100.0 (77.6-100.0) 79.8 (36.9-97.4) 


Ischaemic pain tolerance-AUC * 
Electrical-pain tolerance * 

Mechanical pressure—pain tolerance * 

Cold pain tolerance—duration of immersion * 


72.5 (42.4-94.8) 
130.6 (111.0-146.5) 
106.8 (105.6~-111.7) 
112.5 (103.0-126.5) 


Cold pain tolerance~peak pain 100.0 (100.0~100.0) 
Cold pain tolerance-AUC 98.6 (91.2-101.6) 
Reaction time * 106.3 (87.4-131.3) 


67.1 (55.7-73.7) 
138.7 (122.5-219.0) 
109.7 (103.1-122.1) 
119.6 (100.0-148.5) 
100.0 (94.7-100.0) 

94.8 (84.3-98 6) 
132.5 (123.2-143.8) 


94.7 (82.1-98.8) 
112.6 (102.1-117.20) 
105.4 (101.1-109.4) 
106.6 (100.0-112.5) 
100.0 (100.0-100.0) 

99.5 (98.0-103.9) 
100.0 (92.4-116.7) 


71.9 (30.9-87.4) 
126.2 (112.1-171.9) 
112.4 (106.1-116.4) 
121.0 (100.0-158.5) 
100.0 (100.0-100.0) 
95.7 (93 9-97 6) 
119.8 (109.5-178 2) 


Table 3 Effect of time on the pain test was assessed by comparing post-gas values with baseline. All values are median (25-75 percentiles), 
and are expressed as percentage of baseline values (baseline = 100%). *P< 0.05 
Test 


Xenon Nitrous oxide 





Temporal summation 

Ischaemic pain tolerance~duration 
Ischaemic pain tolerance-peak pain 
Ischaemic pain tolerance~-AUC 
Electrical-pain tolerance 

Electrical-pain sensory threshold 
Mechanical pressure—pain tolerance 

Cold pain tolerance—duration of immersion 


100.0 (100.0-125.0) 
100.0 (100.0-100.0) 
100.0 (90.8-100.0) 
96.4 (90.1-102.4) 
112.5 (86.1-126.4) 
133.3 (100.0-150.0) 
99.3 (86.7-105.9) 
81.8 (76.3-100.0) 


113.9 (100 0-120.0) 
100.0 (100.0-111.9) 
100.0 (76.6-100.0) 
95.5 (82.6—104.1) 
111.1 (100.0-138.6) * 
133 3 (100.0~-162.5) * 
97.9 (92.5~102 9) 
91.9 (75.4-100.0) * 


Cold pain tolerance—peak pain 100.0 (100.0-100.0) 100.0 (100.0-102.8) 
Cold pain tolerance-AUC 104.4 (102.1-110.4) 103.2 (99.4-108.7) 
Reaction time 100.0 (100.0-125.0) 113.9 (100.0-120.0) 





been reported to be 70%" and 105%," respectively. 
Xenon is therefore 1.5 times more effective in 
depressing gross purposeful movement to skin inci- 
sion than nitrous oxide. In our study, 1.5 times 
greater concentrations of nitrous oxide were com- 
pared with xenon. In no test was nitrous oxide more 
effective than xenon, but xenon increased pain toler- 
ance to electrical stimulation significantly more than 
MAC-equivalent doses of nitrous oxide. The signifi- 
cant difference between 10% xenon and 15% nitrous 
oxide for area under the pain intensity—time curve for 
ischaemic pain, and the slight decrease in duration of 
immersion in iced water at the post-gas measurement 
for nitrous oxide could be a result of chance, as the 
probability of a type I error increases with increasing 
number of comparisons between concentrations. The 
small but significant increase in electrical pain toler- 
ance at the post-gas measurement was probably a 
result of a simultaneous increase in the sensory 
threshold. Cullen and Gross,’ using heat pain thresh- 
olds, found a 15% increase in pain thresholds with 
both gases (50% xenon and 50% nitrous oxide). Yagi 
and colleagues’ found no statistically significant dif- 
ference in the analgesic effects of 0.3 MAC of xenon 
(21%) and nitrous oxide (30%). However, only a 
small number of volunteers were studied (n=6), and 
only pain thresholds to heat stimulation were mea- 


sured. In their study, 21% xenon increased the 
response time four times more than 30% nitrous 
oxide, indicating that the sedative-hypnotic potency 
of xenon is more than 1.5 times that of nitrous oxide. 
Our study supports this assumption, as we also found 
that 20% xenon increased reaction time (similar to 
the response time of Yagi and co-workers) more than 
30% nitrous oxide. Utsumi and colleagues” found 
that 70% xenon and 70% nitrous oxide suppressed 
spinal cord dorsal horn neurones to a similar degree, 
indicating no statistically significant difference in the 
direct spinal effects of xenon and nitrous oxide. 

For equilibration of nitrous oxide, end-tidal 
concentrations were used as these can be measured 
easily with conventional anaesthetic gas analysers. 
Xenon cannot be measured with conventional 
anaesthetic gas analysers. In our study, a mass spec- 
trometer was used. As this was not prepared for 
breath-to-breath end-tidal measurements, we could 
only measure inspired concentrations of xenon. 
However, the blood-gas solubility of xenon is 0.14 
compared with 0.47 for nitrous oxide. Therefore, 
because of the fast kinetics of xenon and a fresh gas 
flow of 3 litre min”, a 10-min equilibration period 
should ensure an end-tidal xenon concentration 
close to fresh gas concentrations. For nitrous oxide, 
the inspired to end-tidal concentration difference 
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during the last 5 min of each equilibration period was 
not more than 1%. The actual xenon concentrations 
might have been slightly lower than intended. This 
would further support the assumption that the anal- 
gesic potency of xenon is higher than 1.5 times that 
of nitrous oxide. 

The high incidence of nausea and vomiting in our 
study with both xenon and nitrous oxide was surpris- 
ing. After the first cases of nausea and vomiting, we 
learnt to recognize impending nausea and vomiting, 
and discontinued administration before nausea pro- 
gressed to vomiting. The real incidence of vomitin 
could therefore be higher. Lorenz and colleagues 
found no nausea with 33% xenon or Sclabassi and 
colleagues” with 25, 30 and 35% xenon. However, 
administration time was short in both studies. 
Several studies using up to 10 min administration of 
up to 50% nitrous oxide reported no nausea and 
vomiting.” Rupreht and colleagues” found a high 
incidence of nausea (six of eight volunteers) and 
vomiting (number not reported) in volunteers 
breathing 60-80% nitrous oxide for at least 45 min. 
In our volunteers, nausea quickly vanished after dis- 
continuation of nitrous oxide or xenon. Nitrous 
oxide has been considered to contribute to postoper- 
ative nausea and vomiting,“ as have inhalation 
anaesthetics and opioids.” ” Xenon would presum- 
ably also contribute to postoperative nausea and 
vomiting, but this has not been studied in depth. 
Xenon is a more potent analgesic than nitrous oxide 
and therefore the peroperative need for opioids is 
reduced.’ Xenon might be a sufficiently potent hyp- 
notic to allow omission of further inhalation agents. 
Therefore, the postoperative incidence of nausea and 
vomiting with xenon might be less than that with 
nitrous oxide. 

Considering the beneficial effects of xenon on 
haemodynamic reactions’ “ “ and catecholamine 
release,’ “ and that the analgesic and probably the 
sedative-hypnotic potencies of xenon are at least 1.5 
times higher than those of nitrous oxide, we believe 
that further investigations on xenon as an anaesthetic 
are warranted. 
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Comparison of the effects of halothane, isoflurane and methoxyflurane 
on the electroencephalogram of the horse 


C. B. JOHNSON AND P. M. TayLor 


Summary 

We have investigated in eight ponies the effects 
of three different end-tidal concentrations of 
halothane, isoflurane and methoxyflurane on 
median (F50) and 95% spectral edge (F95) fre- 
quencies of the EEG and the second differential 
(DD) of the middle latency auditory evoked 
potential (MLAEP). The three concentrations of 
each agent were chosen to represent approxi- 
mately the minimum alveolar concentration 
(MAC), 1.25 MAC and 1.5 MAC for each agent. 
During halothane anaesthesia, F95 decreased 
progressively as halothane concentration 
increased, from mean 13.9 (sp 2.6) at 0.8% to 
11.9 (1.1) at 1.2%. DD was lower during anaes- 
thesia with the highest concentration (21 (6.5)) 
compared with the lowest (27.6 (11.4)). There 
were no significant changes in F50. During 
isoflurane anaesthesia, there was a small, but 
significant increase in F95 between the interme- 
diate and highest concentrations (10.2 (1.5) to 
10.8 (1.6)). There were no changes in F50 and 
DD. Values of F95, F50 and DD at ail isoflurane 
concentrations were similar to those of 
halothane at the highest concentration. During 
methoxyflurane anaesthesia, F95 and F50 
decreased progressively as methoxyflurane con- 
centration was increased, from 21.3 (0.7) and 
6.5 (1), respectively, at 0.26%, to 20.1 (0.6) and 
5.6 (0.8), respectively, at 0.39%. DD was lower 
during anaesthesia with the highest concentra- 
tion of methoxyflurane (25.7 (7.8)) compared 
with the lowest (39.7 (20.6)). Values of F95, F50 
and DD at all methoxyflurane concentrations 
were higher than those seen with halothane at 
the lowest concentration. The different relative 
positions of the dose-response curves for EEG 
and MLAEP changes compared with antinoci- 
ception (MAC) changes suggest differences in 
the mechanisms of action of these three agents. 
These differences may explain the incomplete 
adherence to the Meyer—Overton rule. (Br. J. 
Anaesth. 1998; 81: 748-753). 


Keywords: anaesthetic volatile, halothane; anaesthetic 
volatile, isoflurane; anaesthetic volatile, methoxyflurane; 
monitoring, electroencephalography; horse 





In humans, the effects of inhalation agents on the 
EEG have been studied under various conditions. In 
surgical patients, frequency spectra obtained under 
adequate and increased end-tidal isoflurane concen- 


trations have been graded.’ The progressive changes 
in frequency spectra were then colour-coded to pro- 
duce a colour index of depth of anaesthesia. Graded 
changes in power spectra with increasing arterial 
halothane concentrations have also been found in 
infants undergoing facial surgery.” Despite these 
changes, the EEG recorded before the start of 
surgery could not be used to predict movement in 
response to surgical stimulation.’ This confirmed 
similar results in the rat.‘ 

The effects of 0.5%, 1% and 1.5% halothane and 
0.5%, 1%, 1.5% and 2% isoflurane were compared 
as part of a balanced anaesthetic technique on the 
EEG.’ It was found that most of the change in EEG 
variables with isoflurane occurred at concentrations 
less than MAC. In contrast, halothane produced pro- 
gressive EEG changes with increasing Px,,,, at values 
greater than MAC. The values found for isoflurane 
from MAC onwards were similar to each other in 
magnitude and to those found with halothane at 1.5%. 

In the horse, the EEG effects of isoflurane, 
halothane, methoxyflurane and enflurane have been 
compared.“ A gradual change from control high 
frequency—low amplitude patterns to high amplitude 
slow waves was found with halothane and 
methoxyflurane. In contrast, enflurane and isoflurane 
anaesthesia were characterized by slow wave activity 
throughout with periods of burst suppression, occur- 
ring with increased concentrations. These effects 
were not fully described in terms of quantitative 
EEG variables. The effects of halothane in anaes- 
thetized horses without surgery have been demon- 
strated quantitatively after induction of anaesthesia 
using xylazine-ketamine’ and thiopental.” Both 
studies found progressive changes in derived EEG 
variables with increasing Psz,. The ERG effects of 
halothane have been compared with those of isoflu- 
rane in horses undergoing orthopaedic surgery.’ 
Similar EEG values were found in both groups, how- 
ever, more changes were seen in response to surgery 
with halothane than with isoflurane. 

In humans, the middle latency auditory evoked 
potential (MLAEP) has been found to change in a 
dose-related manner with inhalation anaesthetic 
agents.” Although most of the depression in the 
MLAEP occurs at sub-MAC anaesthetic concentra- 
tions, graded changes have been described for con- 
centrations of up to 2 MAC of halothane and 
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Table 1 End-tidal concentrations of inhalation agents used at the 
three steady states studied 


Approximate 

MAC multple Halothane Isoflurane Methoxyflurane 
1 0.8% 1.2% 0.26% 

1.25 1.0% 1.5% 0.32% 

1.5 1.2% 1.8% 0.39% 


enflurane.” ° In contrast, depression of the MLAEP 
with isoflurane appears to be complete by 1 MAC.” 
There are no data available on the effects of anaes- 
thesia on the equine MLAEP. 

The aim of this study was to compare the quantita- 
tive effects of isoflurane, halothane and methoxyflu- 
rane on the equine EEG at concentrations greater 
than MAC, without surgical stimulation. This would 
provide a direct comparison of the effects of each 
agent on three different measures of CNS function 
and also provide comparative information allowing 
the EEG effects of the three agents to be compared 
with each other. Halothane and isoflurane were 
chosen as they are the two main agents used in clini- 
cal equine anaesthesia. Methoxyflurane was used as 
it is analgesic at sub-MAC concentrations” and so 
may have quantitatively different effects from the 
other two agents. 


Materials and methods 


We studied eight pony geldings, aged 5-10 yr (mean 
7 yr), weighing 270-325 kg (mean 305 kg). The 
ponies all had the right carotid artery raised surgi- 
cally to a subcutaneous position. The study was car- 
ried out in accordance with the Animals (Scientific 
Procedures) Act, 1986 (Home Office Licence 
. 80/666). 

After placement of a 14-gauge cannula in the left 
jugular vein, anaesthesia was induced on three occa- 
sions by i.v. injection of thiopental 3 g. Additional 
thiopental was given as.required in 0.5- or 1-g incre- 
ments to allow tracheal intubation, resulting in a 
mean dose of 12 (sp 2) mg kg’. The ponies were 
placed in the left lateral recumbent position. 
Anaesthesia was maintained by inhalation of 
halothane, isoflurane or methoxyflurane from a circle 
breathing system QD Medical). A 20-gauge cannula 
was placed in the raised carotid artery. The order in 
which each pony was given each anaesthetic agent 
was not randomized, but at least 2 weeks were left 
between subsequent anaesthetics in each animal. 

PE'co, Was monitored using an infrared monitor 
(Supermon 7210, Kontron Instruments) and end- 
tidal halothane (PE) isoflurane (Px) and 
methoxyflurane (Px,,..) Concentrations were moni- 
tored using a Piezo-electric anaesthetic agent moni- 
tor (Agent Monitor 7860, Kontron Instruments). As 
the agent monitor was not able to measure 
methoxyflurane concentration directly, it was set to 
measure halothane and the sensitivity to methoxyflu- 
rane measured before and immediately after each 
experiment using a calibrated methoxyflurane vapor- 
izer set to deliver 1% methoxyflurane. The vaporizer 
was calibrated at a range of flows and settings using a 
Hillgram—Watt refractometer before the start of the 
study. Gas samples were obtained from the level of 


the end of the tracheal tube adjacent to the breathing 
system. Respiration was controlled by IPPV using 
the ventilator incorporated in the large animal circle 
system (modified Bird 7). Peak inspiratory pressure 
was set at 20-25 cm H,0. 

During anaesthesia, ECG and arterial pressure 
(AP) were monitored using the Supermon. The ECG 
was recorded using transdermal stainless steel needle 
electrodes with standard lead configuration. AP was 
recorded using a disposable pressure transducer 
(TXX-R, Ohmeda) connected to the carotid artery 
cannula. ECG and AP were recorded on a chart 
recorder (Lectromed two channel recorder). 

Exhaled anaesthetic concentrations were main- 
tained at the required setting for each epoch of data 
collection by alteration of the vaporizer setting. PE'co, 
was maintained at 5.3-5.9 kPa by alteration of venti- 
latory frequency. Experimental studies were started 
60 min after induction of anaesthesia. 

On each occasion three 15-min data epochs were 
recorded at equivalent PE» Pz,, in terms of multi- 
ples of the MAC of each agent. Concentrations of 
each agent used together with their multiple of MAC 
are shown in table 1. MAC values of 0.88, 1.31 and 
0.3 were used for halothane,“ isoflurane’ and 
methoxyflurane (Steffey, personal communication), 
respectively. The end-tidal concentration was 
adjusted for each epoch using the vaporizer and was 
held at a steady state for 10 min before data collec- 
tion. Data were always collected in the order 1 MAC, 
followed by 1.25 MAC, followed by 1.5 MAC. An 
arterial blood sample was obtained anaerobically via 
the cannula in the carotid artery for analysis of blood 
pH, Po, and Pco, immediately before the start and 
after the end of each data epoch. The average of the 
two values was calculated and taken as the value 
during that data epoch. 

Throughout the experiments, the EEG was 
recorded using a dedicated preamplifier with an 
inbuilt auditory stimulus generator (Alert, Medelec). 
Three transcutaneous stainless steel needle elec- 
trodes were positioned in a similar manner to that 
used in conscious ponies.” The active (non-invert- 
ing) electrode was placed in the midline over the 
suture of the parietal bones 2—3 cm rostral to the 
convergence of the temporalis muscles. The reference 
(inverting) electrode was placed over the bony 
prominence of the right zygomatic arch. The ground 
electrode was placed 5-6 cm caudal to the poll, 
5—6 cm to the right of the midline. This positioning of 
electrodes gave reliable EEG recordings and a well 
defined MLAEP. Electrodes were positioned as soon 
as practicable after induction of anaesthesia and were 
not moved or disconnected for the duration of the 
study. Data were recorded to a personal computer 
(450L, Dell) via a digital signal processing card 
(DSP with sub-board and 64k RAM, Loughborough 
Sound Instruments). Data recording software was 
used which was developed specifically for this hard- 
ware combination (Auditory Evoked Response 
Program, Chris Jordan, Northwick Park Hospital). 

EEG data were recorded with a sample rate of 
1 kHz and a passband of 0.5-400 Hz. Data were 
divided into 2-s epochs and artefact rejection was 
performed manually off-line by inspection of the raw 
data. Any epochs containing artefact were rejected 
before further processing. Data blocks containing 
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Table 2 Arterial pH, Pco,, Po, and mean arterial pressure (AP) for each agent concentration during EEG recording (mean (sp)). *P<0.05 


denote values significantly different from each other 





Agent Concentration pH 

Halothane 08% 7.325 (0.081) 
1.0% 7.329 (0.104) 
1.2% 7.297 (0.138) 

Isoflurane 1.2% 7.387 (0.029) 
1.5% 7.39 (0.037)* 
1.8% 7.405 (0.036)* 

Methoxyflurane 0.26% 7.382 (0.02) 
0.32% 7.375 (0.021) 
0.39% 7.382 (0.034) 


overscale or underscale values were rejected as were 
blocks containing burst suppression, specific muscular 
activity such as nystagmus or other identifiable EMG. 

Throughout the period of data recording, a broad- 
band binaural click stimulus was presented to the 
ponies. This stimulus was generated by the EEG 
recording system and was delivered by audio ear 
pieces (FEN20, Ross Audio) placed in the external 
auditory meatii. On each occasion the ear pieces 
were inserted in a similar manner and to a similar 
depth. No animals showed signs of auditory canal 
pathology or excessive wax build up at any time 
during the study. The auditory stimulus had a 
pulse width of 0.4 ms and was delivered at a rate of 
6.1224 Hz. 

The raw EEG was analysed using specialized soft- 
ware (Spectral Analysis Program, Chris Jordan 
Northwick Park Hospital). Fast Fourier transforma- 
tion was performed on each 2-s block of data using a 
10% raised cosine window function. The resultant 
frequency histograms were analysed further to pro- 
duce a median frequency (F50) and 95% spectral 
edge frequency (F95). F50 and F95 were averaged 
over 30 consecutive blocks to give a single value for 
each minute of recording. 

MLAEP was derived by averaging of the EEG sig- 
nal. The 100 ms of EEG after each click stimulus 
were averaged over 512 consecutive artefact-free 
sweeps. A 100-Hz low pass filter was applied to 
the data before calculation of the second differential 
to remove any contribution of higher frequencies to 
the calculation. The second differential (DD) of 
the area of the MLAEP between 30 and 90 ms after 
the stimulus was estimated by the software using the 
following function: 


y(n)ax(ntd)+x(n—d)—-2xx(n) 


where x(m)=nth sample value, d=sample interval 
used in the calculation and y(m)=second differential 
estimate for sample n. 

The second differential estimate was calculated for 
each sample point over the period from 30 to 90 ms 
post-stimulus. These estimates were summated to 
give an index which was scaled so that a typical 
human MLAEP would give a value of 2100 in an 
awake patient and 10-15 in a deeply anaesthetized 
patient.“ 

In order to standardize the MLAEP data, DD 
derived from each waveform were assigned to the 
nearest whole number of minutes after the start of 
the experiment to the last sweep which was included 
in the signal average. 


Pco, Po, Mean AP 
6.1 (1) 36.1 (14.1) 10.9 (1.3) 
6 1 (1.2) 39.2 (15.8) 11.7 (1.3) 
6.7 (1.9) 32.2 (16.8) 11.8 (1.5) 
5.3 (0.2) 42.6 (12.5) 10.3 (1.2) 
5.4 (0.4)* 46.6 (16.4) 10.5 (1.3) 
5.1 (0.5)* 46.8 (18.5) 10.5 (1.1) 
5.9 (0.6) 48.9 (7.3) 16.1 (1.9)* 
5.9 (0.5) 48.3 (7.3) 12.8 (2.6) 
5.7 (0.6) 45 6 (8.4) 12.1 (1.9)* 


F95, F50 and DD for all data epochs at each agent 
concentration were compared using analysis of vari- 
ance with Dunnett’s post hoc test” where statistically 
significant differences were found. pH, Po, and Pco, 
were compared for all animals in a similar manner. 


Results 


There were no data after isoflurane anaesthesia for 
one pony as this experiment was abandoned because 
of repeated violent movements at both 1.2% and 
1.5% isoflurane. EEG data from one pony during 
halothane anaesthesia were not included as they were 
found to be contaminated by high frequency (50 Hz) 
artefacts. There were no arterial blood-gas data after 
halothane anaesthesia for two of the ponies because 
of a malfunction of the blood-gas analyser. 

There were no significant differences in pH, Po, 
Pco, or mean AP recorded during administration of 
the three concentrations of halothane. There were 
statistically significant reductions in Pco, and 
increases in pH between 1.5% and 1.8% end-tidal 
isoflurane. There was a statistically significant 
decrease in AP between 0.26% and 0.39% end-tidal 
methoxyflurane. All blood-gas data are shown in 
table 2. 

Values for F95, F50 and DD with halothane are 
shown for all animals in table 3. Values for individual 
animals are illustrated in figure 1. When all animals 
were considered together, there was a progressive 
reduction in F95 which was statistically significant 
for all three P£.. There were no significant changes 
in F50 with increasing Pk,,,,. There was a statistically 
significant reduction in DD between 0.8% and 
1.2%PE u 

Values for F95, F50 and DD with isoflurane are 
shown for all animals in table 4. Values for individual 
animals are illustrated in figure 2. When all animals 
were considered together, there was a significant 
increase in F95 between 1.5% and 1.8% PE, There 


Table? Change in F95, F50 and DD with Px,,,, (mean (sp)). 
*P<0.05 denotes values significantly different from each other; 
TP<0.05 denotes values significantly different from all others in 
group 











PE 

0.8% 1.0% 1.2% 
F95 13.9 (2.6)t 13 (1.6) 11.9 (L.1)¢ 
F50 3 (09) 3 1 (0.5) 2.8 (0.5) 
DD 27 6 (11.4)* 24.8 (10.1) 21 (6.5)* 
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Figure 1 F95, F50 and DD values for Pu,,, in individual animals 
(see table 3 for significant differences between values). 


were no significant differences in F50 or DD. Values 
of F95, F50 and DD with isoflurane at all Pz, were 
similar to those seen with halothane at 1.2%. 

Values for F95, F50 and DD with methoxyflurane 
are shown for all animals in table 5. Values for indi- 
vidual animals are illustrated in figure 3. When all 
animals were considered together, there was a signifi- 
cant decrease in F95 and F50 between 0.26% and 
0.39% PE DD at 0.39% was significantly less 
than that at 0.26%. Values for F95, F50 and DD seen 
with methoxyflurane at all Pz... were greater than 
those seen with halothane at 0.8%. 

Burst suppression was a feature of the EEG during 
isoflurane anaesthesia. There was an increasing 
incidence with increasing Pz. Burst suppression 
was not seen during, halothane or methoxyflurane 
anaesthesia. 


Table4 Change in F95, F50 and DD with P£, „ (mean (sp)). 
*P<0.05 denotes values significantly different from each other 








Pei, 

1.2% 1.5% 1.8% 
F95 10 (1.7) 10.2 (1.5)* 10.8 (1.6)* 
F50 2.4 (0.4) 2.4 (0.3) 2.4 (0.5) 
DD 23.3 (6.8) 23.2 (6.8) 22.7 (9.2) 


15 
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Figure 2 F95, F50 and DD values for Ps,„ m individual animals 
(see table 4 for significant differences between values). 


Discussion 


We have shown that the EEG effects of the three 
inhalation agents halothane, isoflurane and 
methoxyflurane were quantitatively different from 
each other compared with the MAC of these agents. 
Within the concentration window studied, halothane 
produced a progressive reduction in F95, F50 and DD 
while the values for isoflurane were all at one extreme 
of the halothane curve and the values for methoxyflu- 
rane all at the other extreme. As a progressive increase 
in the incidence of burst suppression was seen with 
increasing PE, the values for isoflurane may represent 
maximal depression of F95, F50 and DD. 

Data were collected in the order 1 MAC, followed 
by 1.25 MAC, followed by 1.5 MAC. In a previous 


Table5 Change in F95, F50 and DD with Px,,, (mean (sp)). 
*P<0.05 denotes values significantly different from each other; 
+P<0.05 denotes values significantly different from all others in 
group 





PE yy 

0.26% 0.32% 0.39% 
F95 21.3 (0.7)t 20.6 (0.9)t 20.1 (0.6)t 
F50 6.5 (Dt 6.1 (Dt 5.6 (0.8)+ 
DD 39.7 (20.6)* 31.7 (18.6) 25.7 (7.8)* 
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Figure3 F95, F50 and DD values for Pe ue in individual animals 
(see table 5 for significant differences between values). 


study investigating the effects of increasing concen- 
trations of halothane on the EKG, the order in which 
the different concentrations were given was random- 
ized." Both F95 and F50 showed a progressive reduc- 
tion with increasing halothane concentration, but the 
changes with F50 were not as marked as those with 
F95. More recently, it was suggested that F50 may 
respond to changes in anaesthetic concentration in a 
sluggish manner (D. Sapsford, personal communica- 
tion). Consequently, the order of anaesthetic agent 
concentrations in this study was not altered between 
animals in an attempt to standardize this possible 
source of error. The similarity in the halothane 
results between this and the previous study” suggest 
that a sluggish response in F50 did not contribute to 
the results in either case. 

pH and Pco, changes seen with isoflurane, and 
arterial pressure changes seen with methoxyflurane 
were small and all values were within normal limits 
for anaesthetized horses.” It is unlikely that changes 
of such a small magnitude would have any direct 
effect on the EEG variables studied. 

Methoxyflurane has been demonstrated to have 
analgesic effects at sub-MAC concentrations.” 
In contrast, isoflurane has been shown to have no 
analgesic effect when given to human volunteers at 
subanaesthetic concentrations.” These differences 
made it desirable to include methoxyflurane in this 
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study despite the problems encountered using this 
agent in the horse.” It was not possible to obtain 
PE Values higher than 0.39% and so this value was 
chosen together with a value less than MAC (0.26%) 
and an intermediate one (0.32%). These values do 
not directly correspond to those of halothane and 
isoflurane in terms of multiples of MAC. However, 
the quantitative differences between methoxyflurane 
and the other agents are too great to be explained by 
this alone. 

The progressive decrease in F95 and DD with 
increasing concentrations of halothane were similar 
to previous findings.” ‘° The lack of change with 
isoflurane and methoxyflurane and the progressive 
appearance of periods of burst suppression with 
isoflurane were also similar.’° As the EEG variables 
for isoflurane at all three Pz, were similar to those 
for halothane at 1.2%, it is probable that the slope of 
the isoflurane dose-response curve for CNS depres- 
sion occurs at a lower concentration in terms of 
multiples of MAC than that for halothane. Similarly, 
the EEG variables for methoxyflurane at all three 
Peu demonstrated less CNS depression than 0.8% 
halothane, suggesting that CNS depression occurs at 
higher concentrations in terms of multiples of MAC 
with methoxyflurane than either isoflurane or 
halothane. The difference in the relative positions of 
the dose-response curves for CNS depression and 
antinociception with halothane and isoflurane would 
explain the finding in the horse that the CNS was 
more responsive during surgery with halothane 
anaesthesia than isoflurane anaesthesia.” 

The MAC of an anaesthetic agent is related to the 
ability of that agent to prevent response to a noxious 
stimulus. This is a measure of the antinociceptive 
potential of the anaesthetic agent. The degree of 
depression of the EEG variables investigated is 
incomplete at 1 MAC of halothane whereas with 
isoflurane, depression of these variables is complete 
by 1 MAC. The EEG variables did not appear to be 
completely depressed at any of the three methoxyflu- 
rane concentrations. In terms of multiples of MAC, 
there appears to be a spectrum of potency for CNS 
depression from methoxyflurane (least potent) 
through halothane to isoflurane. This suggests that 
methoxyflurane is more antinociceptive than isoflu- 
rane as response to a standard nociceptive stimulus is 
prevented by a concentration of methoxyflurane 
which induces less CNS depression than the 
required concentration of isoflurane. Halothane 
would appear to have an intermediate antinocicep- 
tive effect. 

Traditionally, the inhalation agents have been the 
anaesthetic agents to which others have been com- 
pared. The concept of depth of anaesthesia which led 
to the classic signs and stages of anaesthesia” was 
developed from experience with ether and modified 
as other inhalation agents appeared. The inhalation 
agents are all volatile compounds with low molecular 
weight. Because of the Meyer—Overton theory” ” 
which links potency to fat solubility, it has been sug- 
gested that they have a similar site of action within a 
lipophilic biophase. This, together with the concept 
of pressure reversal, has led to the belief that general 
anaesthesia with the inhalation agents is a result of a 
physical effect in the cell membrane rather than a 
receptor-mediated effect and as such affects all cells 


Effects of halothane, isoflurane and methoxyflurane on the EEG of the horse 


in the body. This would lead to a global effect on the 
CNS producing a generalized depression of function 
rather than specific, pharmacologically localized 
effects.” 

These data appear to question the usefulness of 
comparing effects of anaesthetic agents other than 
that of antinociception in terms of multiples of 
MAC. If the different effects of inhalation anaes- 
thetic agents occur at different concentrations rela- 
tive to each other, there must be pharmacologically 
localized kinetic or dynamic differences between 
them. Effects of inhalation anaesthetic agents at 
differing sites or even receptors may explain the 
incomplete adherence of these agents to the 
Meyer—Overton rule. 
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Prophylactic antiemetic therapy with a combination of granisetron and 
dexamethasone in patients undergoing middle ear surgery 


Y. Fum, H. Tovooka AND H. TANAKA 


Summary 

We have compared the efficacy of granisetron in 
combination with dexamethasone with each 
drug alone in the prevention of postoperative 
nausea and vomiting (PONV) after middle ear 
surgery. In a randomized, double-blind study, 
120 patients (85 females) received granisetron 
3 mg, dexamethasone 8 mg or granisetron 3 mg 
with dexamethasone 8 mg i.v. (n=40 in each 
group), immediately before induction of anaes- 
thesia. A standardized general anaesthetic tech- 
nique was used. A complete response, defined 
as no PONV and no need for another rescue 
antiemetic during the first 3 h after anaesthesia, 
was recorded in 83%, 50% and 98% of patients 
who had received granisetron, dexamethasone 
and granisetron—-dexamethasone, respectively. 
The corresponding incidences during the next 
21h after anaesthesia were 80%, 55% and 98% 
(P<0.05; overall Fisher's exact probability test). 
In summary, prophylactic use of combined 
granisetron and dexamethasone was more 
effective than each antiemetic alone for the pre- 
vention of PONV after middle ear surgery. (Br. J. 
Anaesth. 1998; 81: 754-756). 


Keywords. vomiting, nausea; vomiting, antiemetics, 
granisetron; vomiting, antiemetics, dexamethasone; surgery, 
otolaryngological 


Postoperative nausea and vomiting (PONV) occur 
frequently after middle ear surgery, with incidences 
as high as 80% when no prophylactic antiemetic 
is given. ° We have demonstrated recently that 
granisetron, a selective 5-hydroxytryptamine type 
3 (5-HT,) receptor antagonist, reduces the incidence 
of PONV in patients undergoing general anaesthesia 
for middle ear surgery.‘ However, this antiemetic 
cannot entirely control PONV after middle ear 
surgery. Dexamethasone has been used as an 
antiemetic in patients receiving chemotherapy, with 
limited side effects,” and has also been reported to 
decrease chemotherapy-induced emesis when added 
to an antiemetic regimen. In this study, we have 
compared the efficacy of granisetron with dexametha- 
sone with each antiemetic alone for the prevention of 
PONV in patients undergoing middle ear surgery. 


Patients and methods 


After obtaining approval from the Institutional 
Review Board and informed consent, we studied 120 
ASA I patients (85 females), aged 25—60 yr, under- 


going middle ear surgery (tympanoplasty or mas- 
toidectomy). Patients with gastrointestinal diseases, 
those who had received any antiemetic medication 
within 24 h before surgery, and those who were preg- 
nant or menstruating were excluded. 

Patients were allocated randomly to receive one of 
three treatment regimens (n=40 each): granisetron 
3 mg, dexamethasone 8 mg or granisetron 3 mg with 
dexamethasone 8 mg. The drugs were administered 
i.v. immediately before induction of anaesthesia. A 
randomization list was prepared by a random num- 
ber function in a computer spreadsheet and identical 
syringes containing each drug were prepared by 
personnel not involved in the study. 

Patients received no preanaesthetic medication. 
Anaesthesia was induced with thiopental 5 mg kg“ 
and fentanyl 2 ug kg” i.v., and vecuronium 0.2 mg kg” 
iv. was used to facilitate tracheal intubation. 
Anaesthesia was maintained with 1.0-3.0% isoflu- 
rane (inspired concentration) and 66% nitrous 
oxide (which was replaced by air before closing 
the tympanic membrane) in oxygen. Ventilation was 
controlled mechanically and adjusted to maintain 
end-tidal carbon dioxide concentration at 4.6-5.2 kPa 
throughout surgery using an anaesthetic—respiratory 
analyser (Ultima, Datex, Helsinki, Finland). Patients 
were not given opioids during surgery. A nasogastric 
tube was inserted and suction applied to empty the 
stomach of air and other contents. Before tracheal 
extubation, the nasogastric tube was again suctioned 
and removed. Neuromuscular block was achieved 
with vecuronium and antagonized by atropine 0.02 
mg kg” i.v. and neostigmine 0.04 mg kg” i.v. at the 
end of surgery. The trachea was extubated when the 
patient’ was awake. Rectal temperature was moni- 
tored and maintained at 374+1°C throughout 
surgery. If two or more episodes of vomiting 
occurred during the first 24 h after anaesthesia, res- 
cue antiemetic (e.g. metoclopramide 0.2 mg kg’) 
was given. After operation, patients received 
indomethacin 50 mg rectally if they complained of 
moderate to severe pain. 

During the first 24 h after anaesthesia (i.e. 0-3 hin 
the post-anaesthetic unit and 3—24 h on the ward), all 
episodes of PONV (nausea, retching, vomiting) were 
recorded every 3 h by blinded nursing staff. The 
nurses asked the patients if retching or vomiting had 
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pies 1 Patent characteristics (mean (sp or range) or number). Combination=Granisetron with dexamethasone. No significant 
erences ; 
Granisetron Dexamethasone Combination 
(n=40) (n=40) (n=40) 
Age(yr) - 45(25-60) 42(25—60) 44(25-60) 
Sex(F/M) 29/11 28/12 28/12 
Height(cm) 158(8) 159(8) 158(7) 
Weight(kg) 56(8) 56(8) 58(8) 
History of motion sickness(n) 3 3 3 
History of previous PONV (n) 2 2 2 
Duration of operation(min) 217(40) 214(42) 218(39) 
Duration of anaesthesia(min) 247(40) 243(44) 247(41) 
Indomethacin used after operation (n) 22 23 22 
Types of operation performed(n) 
Tympanoplasty 30 30 29 
Mastoidectomy 10 10 il 





occurred and if they felt nauseated, with only two 
possible answers (yes/no). Nausea was defined as the 
unpleasant sensation associated with awareness of 
the urge to vomit; retching was defined as laboured, 
spasmodic, rhythmic contraction of the respiratory 
muscles without expulsion of gastric contents; and 
vomiting was defined as the forceful expulsion of 
gastric contents from the mouth.’ A complete 
response was defined as no PONV and no need for 
rescue antiemetic medication. Details of adverse 
events throughout the study were recorded by 
follow-up nurses who asked patients general ques- 
tions and also recorded spontaneous complaints. 

Statistical analysis was by ANOVA with Bonferroni 
correction for multiple comparison, chi-square test 
or Fisher’s exact probability test, as appropriate (Stat 
View 4.0; Macintosh). P<0.05 was considered 
significant. All values are expressed as mean (sD, 
range) or number (%). We set a=0.05 and B=0.2, and 
used a large magnitude of effects (effective size 0.8) 
to estimate a sufficient sample size. The analysis 
showed that 40 patients per treatment group would 
be sufficient. 


Results 


Patient characteristics and surgical procedures were 
similar in each group (table 1). 

A complete response during the first 3 h (0-3 h) 
after anaesthesia was recorded in 83%, 50% and 
98% of patients who had received granisetron, 
dexamethasone and _ granisetron-dexamethasone, 
respectively. The incidences during the next 21 h 
(3-24 h) after anaesthesia were 80%, 55% and 98%, 
respectively. Thus a complete response within the 
first 24 h after anaesthesia was achieved significantly 
more often in patients who had received a combina- 
tion of granisetron and dexamethasone than in those 
who had received granisetron or dexamethasone 
alone (table 2). 

The most frequently reported adverse events were 
headache and dizziness, but there were no differences 
between groups (table 3). 


Discussion 


Postoperative nausea and vomiting (PONV) are 
among the most common complications after anaes- 
thesia and surgery, with a relatively high incidence 


after middle ear surgery (tympanoplasty or 
mastoidectomy).’’ Our previous study found that 
the incidence of PONV was as high as 60% in 
patients undergoing general anaesthesia for middle 
ear surgery.’ * This incidence may justify the use of 
prophylactic antiemetics for the prevention of PONV 
after middle ear surgery. 

The aetiology of PONV after middle ear surgery 
performed under general anaesthesia is not known, 
but is probably multifactorial.’ Several factors, 
including age, sex, obesity, history of motion sickness 
and/or previous PONV, menstruation, surgical pro- 
cedure, anaesthetic technique and postoperative pain 
are considered to affect the incidence of PONV. In 
this study, however, these factors were well balanced 
between groups. An increased middle ear pressure by 
nitrous oxide is also one of the surgical factors 
contributing to PONV.’ As middle ear pressure was 
measured in this study, no pressure was generated in 
the middle ear from diffusion of nitrous oxide, which 
was replaced by air before closing the tympanic 
membrane. Therefore, the difference in complete 
response between the groups may be attributed to 
differences in the antiemetic drugs administered. 

We have demonstrated recently that granisetron 
40 pg kg’ reduced the incidence of PONV in 
patients undergoing middle ear surgery,’ and also 
that the efficacy of granisetron 40 ug kg” was similar 
to that of granisetron 100 ug kg" for the prevention 
of PONV in this population.* The dose chosen for 
this study was 3 mg (approximately 55 pg kg”). It has 
been reported that dexamethasone 8 mg decreased 
chemotherapy-induced emesis when added to an 
antiemetic regimen. Therefore, in this study, the 
same dose of dexamethasone was added to 
granisetron 3 mg. 

The precise mechanism of action of granisetron— 
dexamethasone in the augmentation of a complete 
response remains unclear, but granisetron antagonizes 
5-HT, receptors in sites associated with antiemetic 
activity’ and dexamethasone may also inhibit stimula- 
tion of 5-HT, receptors.” Dexamethasone did not 
increase the incidence of adverse events when added 
to granisetron. 

We conclude that prophylactic therapy with a 
combination of granisetron and dexamethasone was 
more effective than each antiemetic alone for the 
prevention of PONV after middle ear surgery. This 
suggests that dexamethasone may be used as a 
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Table2 Number (%) of patients with a complete response (no PONV, no rescue) and incidence of nausea, retching, vomiting and rescue 
antiemetic during the first 3 h (0-3 h) and the next 21 h (3-21 h) after anaesthesia. Combination=granisetron with dexamethasone; P, 
values=granisetron vs dexamethasone; P, values=granisetron vs combination; and P, values=dexamethasone vs combination 





Granisetron 
(n=40) 
0-3 h after anaesthesia 
Complete response (no PONV, no rescue) 33(83%) 
Nausea 4(10%) 
Retching 133%) 
Vomiting 3(8%) 
Rescue 0(0%) 
3-24 h after anaesthesia 
Complete response (no PONY, no rescue) 32(80%) 
Nausea 4(10%) 
Retching 2(5%) 
Vomiting 3(8%) 
Rescue 0(0%) 


Table3 Adverse events (number (%)). No significant differences 


Dexamethasone Combination 


(n=40) 


20(50%) 
10(25%) 
2(5%) 
10(25%) 
5(13%) 


22(55%) 
9(23%) 
2(5%) 
9(23%) 
5(13%) 


Granisetron 
(n=40) 
0-3 h after anaesthesia | 
Headache 3(8%) 
Dizziness 2(5%) 
Others(constipation, muscle pain) 2(5%) 
3-24 h after anaesthesia 
Headache 3(8%) 
Dizziness 2(5%) 
Others (constipation, muscle pain) 1(3%) 





(n=40) P, P; P, 
39(98%) 0.002 0.028 0.001 
143%) 0.069 0.179 0.003 
0(0%) 0.5 0.5 0.247 
1(3%) 0.033 0.308 0.003 
0(0%) 0.027 1.0 0.027 
39(98%) 0.015 0.014 0.001 
1(3%) 0.112 0.179 0.007 
0(0%) 1.0 0.247 0.247 
1(3%) 0.057 0.308 0.007 
0(0%) 0.027 1.0 0.027 

Dexamethasone Combination 

(n=40) (n=40) 

3(8%) 3(8%) 

2(5%) 2(5%) 

133%) 2(5%) 

3(8%) 3(8%) 

2(5%) 2(5%) 

13%) 13%) 





component of'combined prophylaxis for the control 
of PONV in patients undergoing other surgical 
procedures. 
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Neostigmine with glycopyrrolate does not increase the incidence or 
severity of postoperative nausea and vomiting in outpatients 
undergoing gynaecological laparoscopy 


K. NELSKYLA, A. YLI-HANKALA, A. SOIKKELI AND K. KORTTIA 








Summary 

We studied 100 healthy women undergoing out- 
patient gynaecological laparoscopy in a random- 
ized, double-blind and placebo-controlled study 
to evaluate the effect of neostigmine on post- 
operative nausea and vomiting (PONV). After 
induction of anaesthesia with propofol, anaes- 
thesia was maintained with sevoflurane and 66% 
nitrous oxide in oxygen. Mivacurium was used 
for neuromuscular block. At the end of anaesthe- 
sia, neostigmine 2.0 mg and glycopyrrolate 
0.4 mg, or saline, was given i.v. The incidence of 
PONV was evaluated in the postanaesthesia care 
unit, on the ward and at home. The severity of 
nausea and vomiting, worst pain, antiemetic and 
analgesic use, times to urinary voiding and 
home readiness were recorded. During the first 
24 h after operation, 44% of patients in the 
neostigmine group and 43% in the saline group 
did not have PONV. We conclude that neostig- 
mine with glycopyrrolate did not increase the 
occurrence of PONV in this patient group. (Br. J. 
Anaesth. 1998; 81: 757-760). 


Keywords: antagonists, neuromuscular block, neostigmine; 
parasympathetic nervous system, glycopyrrolate; vomiting, 
nausea; surgery, laparoscopy 


Postoperative nausea and vomiting (PONV) are 
common in patients undergoing gynaecological 
laparoscopic surgery.’ In outpatient anaesthesia, 
rapid emergence and low incidence of side effects are 
necessary to ensure early discharge.” A combination 
of propofol and sevoflurane is usually associated with 
fast recovery, although a high incidence of PONV 
still remains. 

Mivacurium is a short-acting non-depolarizing 
neuromuscular blocking agent which is hydrolysed 
by plasma cholinesterase and can thus be used with- 
out reversal.* Recovery after a mivacurium infusion 
can also be accelerated by neostigmine with a dose of 
at least 20 pg kg.” The effect of reversal drugs on 
PONV has been studied in inpatients,‘ outpatients”’ 
and children.” The results are controversial. 

We studied patients undergoing outpatient gynae- 
cological laparoscopic surgery, and tested the 
hypothesis that administration of neostigmine to 
patients at the end of propofol—-sevoflurane—nitrous 
oxide anaesthesia increases PONV, compared with 
patients without antagonism of mivacurium block. 


Patients and methods 


After obtaining approval from the local Ethics 
Committee of Helsinki University Central Hospital 
and informed patient consent, we studied 100 
healthy women undergoing outpatient gynaecologi- 
cal diagnostic or operative laparoscopy (tubal liga- 
tions excluded), in a randomized, double-blind, 
placebo-controlled study. Other exclusion criteria 
were obesity (body mass index >27 kg m”) and 
known allergy to ketoprofen. Calculation of sample 
size was based on our previous study with a similar 
patient population.” 

Patients were premedicated with diazepam 5 mg 
orally 30-60 min before surgery. Before induction of 
anaesthesia, infusion of Ringer’s acetate was started, 
and patients received glycopyrrolate 0.2 mg and 
fentanyl 0.1 mg i.v. Anaesthesia was induced with 
propofol 2-2.5 mg kg" and mivacurium 0.2 mg kg” 
i.v. When needed, patients were given mivacurium 
either as boluses or as a continuous infusion with a 
syringe pump to maintain neuromuscular block (less 
than two twitches in the train-of-four (TOF). 
Anaesthesia was maintained with 1.0-1.3 MAC of 
sevoflurane and 66% nitrous oxide in oxygen. 
Routine anaesthesia monitoring was used (AS/3, 
Datex, Helsinki, Finland). When heart rate or arterial 
pressure values, or both, increased to more than 20% 
of preanaesthetic values and end-tidal sevoflurane 
was already adjusted at 1.3 MAC, patients received a 
bolus dose of alfentanil 0.5 mg. After surgery, 
sevoflurane was discontinued before nitrous oxide. 
The time when nitrous oxide was discontinued was 
considered the end of anaesthesia. Before this, keto- 
profen 100 mg i.v. was given. At the end of anaes- 
thesia, when four twitches of TOF were visible with 
fade, participants were allocated randomly to the 
study (neostigmine) or control (saline) group (n=50 
in each group). Patients in the study group were 
given neostigmine 2.0 mg and glycopyrrolate 0.4 mg 
in a volume of 6 ml. Patients in the control group 
received 6 ml of saline i.v. 

For pain relief, when needed, patients were given 
fentanyl 0.05 mg i.v. or ketoprofen 100 mg as a slow 
i.v. infusion or rectally (maximum dose 300 mg in 
24 h). Postoperative antiemetic medication was given 
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for symptoms of prolonged nausea or vomiting 
according to a strict protocol in the postanaesthesia 
care unit (PACU): droperidol 0.1 mg/10 kg i.v. was 
given twice, followed by ondansetron 4 mg i.v. twice. 
For patients whose i.v. cannula was already discon- 
tinued in the ward, metoclopramide 10 mg rectally 
was given. Antiemetics were administered to patients 
on the ward according to clinical judgment. 

Postoperative nausea and vomiting (PONV) were 
estimated as in our previous studies” on a scale of 
0-3 (0=no nausea, 1=mild nausea, duration <15 min, 
2=prolonged nausea >15 min, 3=retching or vomit- 
ing) at awakening and 30, 60 and 90 min after anaes- 
thesia in the PACU. If the patient had both nausea 
and vomiting, she was recorded only once as having 
vomited. The visual analogue scale (VAS; 0—10 cm) 
for patient satisfaction was used on the ward and 
during the first 24 h at home. The worst pain in the 
PACU, on the ward and at home was recorded using 
a four-point scale (none/mild/moderate/severe). An 
anaesthetist interviewed the patient before discharge 
and gave her a questionnaire to record pain and 
PONV symptoms (0-3 scale) during the first 24 h at 
home. In the PACU, the patient was not allowed to 
drink, whereas on the ward she was encouraged to 
drink and ambulate. Home readiness was defined 
using standard criteria’ such as the time after the 
end of anaesthesia when the patient was able to walk, 
take oral fluids, void and 30 min had passed after the 
last administration of opioid or antiemetic. 

Statistical analysis was performed using the 
unpaired ¢ test, chi-square test and the Mann- 
Whitney U test, where appropriate. Power analyses 
were calculated by a commonly available public 
domain program. For all other analyses SPSS for 
Windows statistical package was used. P<0.05 was 
considered significant. 


Results 


We recruited 100 patients (table 1), but two patients 
in the saline group were excluded from analysis; 
laparoscopy in one patient was converted to laparo- 
tomy, and collection of data for the other was incom- 
plete. Follow-up questionnaires were returned by 
86% of patients. Perioperative data are shown in 
table 2. Alfentanil bolus doses were administered 
during anaesthesia to 38% of patients in the neostig- 
mine group and to 42% in the saline group. A drain 
in the peritoneal cavity was inserted in 34% and 29% 
of patients, respectively. 

The incidence of PONV is shown in table 3. There 
were no differences in the incidence or severity of 
PONY, or in administration of antiemetics in the 
PACU or on the ward (table 4). There were no differ- 
ences in VAS patient satisfaction scores between the 
groups at any measurement times. 

There was no difference in times to urinary void- 
ing or home readiness between the groups. Voiding 
was achieved after a median time of 287 (interquar- 
tile range 104) min in the neostigmine group (n=43) 
and 244 (107) min in the saline group (n=42). Home 
readiness was achieved after 292 (127) min and 249 
(130) min in the neostigmine and saline groups, 
respectively. 

Four patients (8%) in the neostigmine group and 
five (10%) in the saline group were admitted to hos- 
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Table 1 Patient characteristics (mean (95% confidence interval 
(CD or numter of patents). No significant differences 


Neostgmine Saline 





(n=50) (n=48) 

Age (yr) 34 (32-36) 32 (30-34) 
Weight (kg) 59 (57-61) 60 (58-62) 
Height (cm) 166 (165-168) 166 (164-168) 
History of PONV in 

previous anaesthesia 8 8 
History of maton sickness 17 - 13 
Menstrual cycle 


(follicular/ovulaton/luteal phase) 27/13/6 30/11/3 


Table2 Details of anaesthesia (median (interquartile range)). No 
significant differences 


Neostigmine Saline 


Duration of anaesthesia (min) 43 (49) 54 (133) 
Delay from end of surgery to 

end of anaesthesia (min) 2 (1) 2 (2) 
Extubation time (min) 3 (3) 4 (4) 
Mivacurium dose (mg) 18.0 (13 2) 20.6 (12.8) 
Alfentanil dose (mg) 0 0 (0.5) 00(05) 


Table 3 Incidence of postoperative nausea and vomiting (PONV) 
(numbers of patients with PONV/group size). ‘Home informaton 
for five patients was missing; “home information for one patient 
was not available 


Neostigmine Saline 





Post anaesthesia care unit 7/50 8/48 
Ward 19/50 24/48 
Total PONV at hospital 23/50 25/48 
On the way home 8/35 10/38 - 
At home 6/35 9/38 
Total PONV for 24 h 25/45° 27/47" 


Table 4 Antiemetic and analgesic medication ın the PACU and 
on the ward. Values are expressed as percentage of patients or 
median (interquartile range). No significant differences 


Neostigmine Saline 





PACU 
Antiemetics (%) 10 13 
Fentanyl (%) 74 85 
Fentanyl dose (mg) 0.1 (0.15) 01(0.1) 
Ward 
Antiemetics (%) 22 25 
Opioids (9%) 24 19 


Table 5 Worst pain experienced by patients evaluated on a scale 
0-3. Values are numbers of patients. *P<0.05 between groups 


Neostgmine Saline 


PACU 

No pam/mild/moderate/severe  4/29/15/2 5/28/14/1 
Ward 

No pam/m:Id/moderate/severe  7/33/9/1 9/29/10/0 
At home 

No pain/mild/moderate/severe* 8/24/3/0 2/24/10/2 


pital because of complications related to anaesthesia 
(PONY, dizziness, pain). 

There were no significant differences in fentanyl 
administration in the PACU or on the ward (table 4.) 
Distribution of worst pain experienced in the PACU, 


Neosugmine and PONV in laparoscopy 


on the ward and at home is shown in table 5. Patients 
who received neostigmine experienced less pain at 
home. 


Discussion 


Neostigmine and glycopyrrolate for antagonism of 
neuromuscular block did not increase the incidence 
of PONV either during the first 90 min after anaes- 
thesia or afterwards. 

Nausea or vomiting were uncommon in the PACU 
(seven patients in the neostigmine group and eight in 
the saline group). Three of the seven patients in the 
neostigmine group and seven of the eight patients in 
the saline group still had symptoms on the ward. In 
this study, fewer patients had PONV than in a previ- 
ous sevoflurane study by Eriksson, Haasio and 
Korttila,”’ where patients undergoing gynaecological 
laparoscopy were evaluated. We did not encourage 
patients to drink until on the ward and this may 
explain the difference. Not drinking before discharge 
after day-case surgery may reduce PONV.” On the 
ward, where patients drank, ate and ambulated, the 
incidence of PONV was 38% in the neostigmine 
group and 50% in the saline group. 

Our dose of neostigmine (2 mg) was based on the 
low intensity of neuromuscular block at the time of 
antagonism (four of four TOF twitches visible with 
fade), for which 25 yg kg’ is the recommended 
dose.“ The dose of neostigmine (33 ug kg”) was also 
clinically relevant; neostigmine 20 and 40 pg kg’ 
after mivacurium infusion combined with propofol 
anaesthesia has been shown to accelerate recovery of 
neuromuscular block. 

Unplanned hospital admission rate in this study 
was high (17 of 98 patients) but only nine were admit- 
ted to hospital for anaesthetic indications. The expla- 
nation may relate to our public health care system. 
The first overnight stay in hospital does not incur any 
extra cost for the patient and approximately 30% had 
a drain in the peritoneal cavity. There were no differ- 
ences between groups in times to home readiness. 

The effect of reversal drugs for neuromuscular 
block on the occurrence of PONV is not clear, 
although several studies have been published. In 
common with previous investigators, we used an 
anticholinergic drug (glycopyrrolate) with neostig- 
mine to prevent bradycardia. King and colleagues‘ 
studied elderly patients undergoing orthopaedic 
surgery. They found that reversal drugs increased the 
incidence of PONV, but they did not follow the 
symptoms of their patients. Instead, they interviewed 
patients and nurses 24 h after surgery. Also, Ding, 
Fredman and White suggested an increase in PONV 
in an outpatient population after administration of 
neostigmine and glycopyrrolate.’ Their anaesthetic 
method did not include propofol, and morphine was 
used to relieve pain. Furthermore, it has been sug- 
gested that their observations did not allow definite 
conclusions to be drawn.” Therefore, any compar- 
isons between our results and those of Ding, 
Fredman and White are difficult. Watcha and 
colleagues” studied the incidence of vomiting in 8-9- 
yr-old children after halothane anaesthesia. They 
found that the neostigmine—glycopyrrolate combina- 
tion was associated with more vomiting in the PACU 
compared with controls. Unfortunately, nausea was 
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not evaluated. Thus their study design differs from 
ours. The results of Boeke and colleagues,’ and our 
previous report’ are in agreement with our study. 
Boeke and colleagues used a smaller dose of neostig- 
mine (1.5 mg) and atropine for antagonism of neuro- 
muscular block in the outpatient setting. In our 
previous study’ with women undergoing abdominal 
hysterectomy, there was no difference between those 
who received 2 mg of neostigmine with glyco- 
pyrrolate and those who received an equal volume of 
saline. 

The mechanisms of PONV are multifactorial, and 
in the investigation of PONV background factors and 
factors related to the operation, anaesthesia must be 
well controlled. Also, assessment of nausea and 
vomiting should be defined. We used an exact proto- 
col to define the symptoms. Administration of effec- 
tive antiemetics was predetermined before the study. 
Furthermore, patients were monitored with frequent 
interviews. 

In our study, patients who had received neostig- 
mine had less pain at home than patients who had 
received saline. Recently, there has been an increased 
interest in the role of acetylcholine receptors in 
pain.” * Furthermore, additional studies are war- 
ranted to evaluate whether neostigmine decreases 
postoperative pain. 

We determined the size of the study groups based 
on our earlier sevoflurane study which demonstrated 
a high incidence of PONV after sevoflurane.” Thus 
according to power analysis, less than 50 patients 
were needed in each group to resolve a clinically rele- 
vant difference. However, the incidence of PONV 
was much higher in the previous study than in the 
present one. At this point, repeated power analysis 
using the present data showed that several hundred 
patients in each group would be needed to confirm 
an 80% chance of finding a 20% difference between 
groups. Therefore, we conclude that no major effect 
of reversal drugs on PONV was demonstrated in this 
study. A larger sample size would be needed to study 
small differences. 

In summary, when using propofol and sevoflurane, 
we found a low incidence of postoperative nausea or 
vomiting in this high-risk population, consisting of 
women undergoing gynaecological laparoscopy. The 
use of neostigmine with glycopyrrolate did not 
increase the incidence of PONV. 
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Effects of inhaled oxygen concentration on fat metabolism during 


propofol infusion in rabbits 


T. TSuBOKAWA, K. YAMAMOTO, K. NISHIMURA, T. YAGI AND T. KOBAYASHI 


Summary 


We have investigated the effect of inhaled oxygen 
tension on lipid metabolism during propofol infu- 
sion. Propofol is supplied as a lipid emulsion con- 
taining 10% soybean oil, which is rich in 
triglycerides (TG). Infused TG are metabolized via 
three pathways in the liver cell; Krebs cycle, keto- 
genesis and release as very low density lipopro- 
teins (VLDL) into the blood. For this reason, we 
measured TG and the products of the three path- 
ways; carbon dioxide, ketone bodies and VLDL. 
Thirty-two rabbits were anaesthetized under four 
different conditions: propofol under hyperoxia, 
normoxia, hypoxia and isoflurane anaesthesia 
under hyperoxia. Our results indicated that hyper- 
oxia produced more ketone bodies, normoxia 
more Pa,,, and hypoxia more free fatty acids (FFA) 
and TG ‘compared with the other propofol infu- 
sion groups. We conclude that hyperoxia during 
propofol infusion facilitated fat metabolism 
through ketogenesis, while normoxia did so via 
the Krebs cycle. Also, hypoxia suppressed utiliza- 
tion of TG and VLDL production in the liver. (Br. J. 
Anaesth. 1998; 81: 761-765). 


Keywords: anaesthetics i.v., propofol; oxygen, tension; 
metabolism, lipid; rabbit 





Diprivan is an i.v. anaesthetic and is used widely for 
sedation in intensive care units. It is supplied in the 
form of lipid microspheres containing 10% trigly- 
cerides (TG) and 1% propofol. TG are usually metab- 
olized via three pathways in the liver cell; Krebs cycle, 
ketogenesis and reconstruction as very low density 
lipoproteins (VLDL).' As fat metabolism needs a cer- 
tain amount of oxygen, it is likely that arterial oxygen 
tension ( could affect fat metabolism. 

In intensive care units, some patients suffering 
from respiratory dysfunction occasionally show low 
Pao; In contrast, some patients show high Pa, values 
during artificial ventilation. Accordingly, Pag, varies 
from patient to patient and fat is metabolized 1 via dif- 
ferent pathways. Previous studies measured TG, cho- 
lesterol and free fatty acids (FFA) during propofol 
infusion,” but there are no reports on the relation- 
ship between Pa, and fat metabolism. Thus we have 
investigated how inhaled oxygen concentration 
affects fat metabolic pathways and products during 
propofol infusion. 


Materials and methods 


The study was approved by the Research Ethics 
Committee of Kanazawa University. We studied 32 


Japanese white rabbits (Sankyo Laboratory, Toyama, 
Japan) weighing 3.0-3.5 kg. All animals were given 
food and water freely before the experiments to avoid 
starvation and hypoglycaemia which activates fat 
metabolism. All experiments were started between 
09:00 and 10:00. Anaesthesia was induced and 
maintained with 1—3% isoflurane and oxygen during 
surgery. A 24-gauge indwelling catheter (elco, 
Critikon, Rome, Italy) was inserted into the otic mar- 
ginal vein for infusion of propofol, and another into 
the femoral artery for arterial pressure measurement 
and blood sampling. Arterial pressure and heart rate 
were recorded using a conventional monitoring sys- 
tem (2G82, Nihondenki-Sanei, Tokyo, Japan). 
Lactated Ringers solution was tmfused at 
10 mlkg’h’. After tracheostomy, pancuronium 
2 mg was injected and artificial ventilation started 
using a ventilator (SN-480—5, Shinano, Tokyo, 
Japan). Tidal volume was set at 15 ml kg’ and posi- 
tive end-expiratory pressure at 2 cm H,O. Ventilatory 
frequency was adjusted to maintain arterial carbon 
dioxide pressure (Pa,,,) at 4.0-5.2 kPa, and this rate 
was maintained throughout the experiment. 

After baseline blood samples were obtained from 
the femoral artery, rabbits were allocated randomly 
to one of four groups: isoflurane group (inhalation of 
isoflurane with 100% oxygen), hyperoxia group 
(propofol infusion with 100% oxygen), normoxia 
group (propofol infusion with 21% oxygen) and 
hypoxia group (propofol infusion with 10% oxygen). 
Administration of isoflurane was continued at 1% for 
the isoflurane group; for the other groups, isoflurane 
was terminated and propofol infusion started at a 
rate of 30 mg kg" h“, followed by adjustment of the 
inhaled oxygen concentration according to group. At 
150 min from the start of the assignment, blood sam- 
ples were obtained. After the experiments were fin- 
ished, the animals were exsanguinated by propofol 
and potassium chloride injection. 


MEASUREMENTS 


To identify the lipid metabolic pathway, the following 
data were collected; total fat (TF), TG, FFA, VLDL 
in serum, Paco, beta-hydroxybutyrate and acetoac- 
etate in plasma, and blood sugar in whole blood. For 
each samples, 6.5 ml of blood were obtained from 
the femoral artery catheter at each sampling time. 
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Next, 3 ml of the blood sample were centrifuged at 
1500 rpm for 10 min in a serum separation tube, and 
the separated serum was stored at —70°C until analy- 
sis. 

TF concentration in serum was measured by the 
sulpho-phospho-vanillin method. TG concentration 
in serum was measured by Esper A series-TG kit 
(Nipro, Osaka, Japan), which is a two-step enzymatic 
method. FFA concentration in serum was measured 
by NEFA-zyme Eiken kit (Eiken, Tokyo, Japan), 
which is an acyl-CoA synthetase-acyl-CoA oxi- 
dase—peroxidase method. VLDL concentration in 
serum was measured by BLF-Eiken I kit (Eiken, 
Tokyo, Japan), which is a precipitation analysis using 
dextran and calcium sulphate. These serum metabo- 
lites were measured at the Sumitomo Bioscience 
Laboratory (Tokyo, Japan). 

Another 2ml of the blood sample were 
heparinized and centrifuged at 1500 rpm for 10 min, 
and the plasma obtained stored under the same con- 
ditions as serum. Acetoacetate (ACAC) and beta- 
hydroxybutyrate (HOB) in plasma were measured 
using a Keto 340 spectrophotometer (Ihara, 
Kasugai, Japan) and a Ketorex kit (Sanwa, Nagoya, 
Japan). The total amount of ketone bodies (TKB) 
was calculated as the sum of ACAC and HOB. The 
arterial ketone body ratio (AKBR) was calculated by 
dividing ACAC by HOB value. 

For measurement of propofol concentration, 1 ml 
of blood sample was used. Samples were heparinized 
and stored at 4°C until analysis. Propofol concentra- 
tions in the samples were assayed within 3 days of 
sampling using high performance liquid chromatog- 
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raphy (LC-10AD, Shimadzu, Kyoto, Japan) with fluo- 
rescent detection (Waters 470, Waters Associates, 
Milford, USA), as described by Plummer.* Standard 
curves for propofol concentrations in whole blood 
were linear within the range 0.5~15 pg ml” (r°=0.97, 
P<0.01). 

The remaining 0.5 ml of blood was used for mea- 
surement of cop PH and bicarbonate ions 
(HCO,) with an automatic gas analyser (ABL-3, 
Radiometer, Copenhagen, Denmark). Blood sugar 
was measured using Actrend (Yamanouchi, Tokyo, 
Japan). 


STATISTICAL ANALYSIS 


Values are presented as median (range). Measured 
values in groups were compared using the 
Kruskal-Wallis non-parametric ANOVA test. For 
comparisons within groups, the Wilcoxon signed 
rank sum test was used. Results were considered sta- 
tistically significant when P<0.05, 


Results 


Weight, heart rate and systolic arterial pressure in all 
four groups were comparable at baseline. At 150 min 
from the start of the experiments, heart rate in the 
propofol groups decreased significantly below base- 
line, while systolic arterial pressure decreased signifi- 
cantly below baseline in all but the normoxia group. 
At that time, the hypoxia group showed a signifi- 
cantly higher propofol concentration than the other 
propofol infusion groups (table 1). 


Table 1 Physiological data and propofol concentrations. Baseline=data before assignment; 150 min=data at 150 min from assignment. 
Hyper=hyperoxia group, Normo=normoma group, Hypo=hypoxia group, Iso=isoflurane group. Values are median (range). Statistical 
differences (P<0.05) between groups compared with: *Hyper, #Normo, tHypo and {Iso, Statistical differences within groups 





Hyper (n=8) Normo (1=8) Hypo (n=8) Iso (n=8) 

Weight (kg) 3.3 (3.1-3.5) 3.2 (3.0-3.4) 3.3 (3.1-3.5) 3.1 (3 0-3.4) 
Heart rate (beat min") 

Baseline 288 (252-308) 290 (280-304) 284 (258-328) 284 (256-300) 

150 min 239 (184-300)t 258 (216-288) 213 (168-248)§t 268 (256-284)} 
Systolic arterial pressure (mm Hg) 

Baseline 122 (107-136) 117 (99-135) 108 (92-126) 117 (87-142) 

150 min 111 (96-126)++ 122 (100-123)t+ 88 (76-105) *#+ 102 (76-135)¢ 
Propofol concentration (ug mI") 

150 min 75 (5 7-11.4) 7.6 (5.0-10.2) 14.4 (10.6-16.5)*# — 


Table2 Blood-gas analysis. Hyper=hyperoma group, Normo=normoxia group, Hypo=hypoxia group, Iso=isoflurane group. Pa, =arterial 
pressure of oxygen; Pa, arterial pressure of carbon dioxide, HCO, =bicarbonate 10n. Values are median (range). Statistical differences 
(P<0.05) between groups compared with: *Hyper, #Normo, tHypo and §Iso. Statistical differences within groups 








Hyper (n=8) Normo (#=8) Hypo (n=8) Iso (n=8) 
(kPa) 
aseline 69.1 (65,1~87.1) 70.3 (55.3~78.5) 74.3 (62.9-76.0) 74.4 (54.3-76.1) 
150 min 80.5 (67.2-89.6)#}t 14.3 (9.6-18.3)*t¢$ 6.0 (4.8-6.7)*#¢F 69.7 (65.3-80.0)#t 
Pago, (kPa) 
B 4.0 (3.4-5.1) 4.1 (3.6-4 5) 4.5 (3.9-5.8) 4.1 (3.64.7) 
150 min 4.1 3.3-4.8)# 5.2 (3.9-5.5)* = 4.2 3.2-5.0)# 4.2 (3.6-4.7)# 
pH 
Baseline 7.444 (7.343-7.551) 7.470 (7.375-7.512) 7.397 (7.370-7.518) 7.378 (7.343-7.516) 
150 min 7.414 (7.337-7.487)t 7.375 (7.263-7.473)¢¢ 7.190 (7.136—-7.376) *#§¢ 7.424 (7.324-7.511)F 
HCO, (mmol) 
Baseline 20.3 (15.3~23,3) 21.6 (20.1-23.6) 22.8 (18.1—24.8) 20.5 (16.3-24.7) 
150 min 19.2 (14.7-21.8)¢ 20.8 (16.7-22.8)+ 11.9 (6.1-15.5)*#§+¢ 19.5 (16.8-22.3)¢ 
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Table 3 Serum lipids and blood sugar. TG=triglycerides ın serum; FFA=free fatty acid in serum; TF=total fat in serum; VLDL=very low 
density lipoprotein; BS=blood sugar. Hyper=hyperoxia group, Normo=normoxia group, Hypo=hypoma group, Iso=isoflurane group. Values 
~are median (range). Statistical differences (P<0.05) between groups compared with: *Hyper, #Normo, Hypo and §Iso. Statistical 








differences within groups 
Hyper (n=8) Normo (n=8) Hypo (n=8) Iso (n=8) 

TG (mg dr’) 

Baseline 33 (17-45) 33 (25-55) 34 (28-31) 35 (25-47) 

150 min 409 (237-556) t¢t 471 (297-544) t§¢ 735 (628-869) *#§t 48 (42-74) *#} 
FFA (mEq litre") 

Baseline 1.43 (0.95-2.02) 1.55 (1.16-2.24) 1.57 (0.87-2.22) 1.55 (1.22-2.03) 

150 min 4.44 (3.64-5.28 4.84 (2.39-5.87){4¢ 7.67 (6.48-10.24) *#§¢ 1.88 (1.34-2.54)*#+ 
TF (mg dl”) 

Baseline 171 (135-207) 166 (122-228) 160 (125-222) 167 (126-211) 

150 min 702(457-894)}4§t 656 (558-812) t§t 1215 (989-1654) *#§+ 225 (156-324) *#+ 
VLDL (mg dr’) 

Baseline 50 (28-102) 45 (21-111) 75 (21-154) 64 (28-105) 

150 mn 195 (106-314)§} 195 (124-287) §¢ 292 (154-356)§¢ 67 (54-115) *#t} 
BS (mg dl") 

Baseline 209 (108-340) 161 (98-273) 185 (123-380) 170 (144-345) 

150 min 169 (142-290)+ 229 (159-328)+ 333 (210-358) *#§t 189 (167-256)t 


Table4 Ketone body concentrations. ACAC=acetoacetate concentration in plasma; HOB=beta-hydroxy butyrate concentration in plasma; 
=total ketone bodies concentration; AKBR=arterial ketone body ratio. Hyper=hyperoxia group, Normo=normoxia group, 
Hypo=hypoxia group, Jso=isoflurane group. Values are median (range). Statistical differences (P<0.05) between groups compared: *with 


Hyper, #Normo, tHypo and §Iso. ¢Statstical differences within groups 





ACAC (umol litre) 


Hyper (77=8) Normo (n=8) 

Baseline 51 (26-102) 44 (15-89) 

150 min 179 (131-254) #t4§¢ 78 (59-90) *t4 
HOB (pmol litre") 

Baseline 61 (40-119) 70 (46-112) 

150 min 311 (284-66D#t 125 (71~-178)*£ 
TKB (pmol htre') 

Baseline 112 (66-220) 123 (61-201) 

150 min 490 (422-896) #14¢ 201 (130-267)*£ 
AKBR 

Baseline 0.75 (0.45-1.17) 0.55 (0 33—1.07) 

150 min 0.57 (0.36-0.65) tt 0.66 (0.43-0.88)+ 


Blood-gas analysis at baseline was comparable 
between groups. At 150 min, was significantly 
different between the propofol infusion groups. Paco, 
in the normoxia group increased significantly com- 
pared with baseline, but was unchanged in the other 
three groups. pH in the normoxia group decreased 
significantly below baseline values. pH and HCO, in 
the hypoxia group were significantly lower than base- 
line values or values in the other groups (table 2). 

TF, TG, FFA and VLDL in the four groups were 
not significantly different at baseline. At 150 min, all 
of these variables in the propofol infusion groups 
increased significantly compared with baseline val- 
ues. Moreover, all blood samples obtained from the 
propofol infusion groups showed lipaemia. For the 
hypoxia group, values of TG, FFA and TF were sig- 
nificantly higher than those in the other groups, but 
VLDL was not significantly different compared with 
the other propofol infusion groups. Blood sugar val- 
ues were comparable, with only the hypoxia group 
showing a significantly higher blood sugar concentra- 
tion than the other groups at 150 min (table 3). 

ACAC and HOB at baseline were also comparable. 
At 150 min, all propofol infusion groups had signifi- 
cant increases in ACAC, HOB and TKB, except for 
ACAC in the hypoxia group. The hyperoxia group 
showed significantly higher and the hypoxia group sig- 


Hypo (1=8) Iso (n=8) 
44 (16-68) 46 (18-59) 
14 (6-39) *#6§ 32 (26-77)* 
47 (34-83) 57 (35-69) 
103 (61-174) *$ 53 (47-88)* 
86 (55-138) 96 (59-121) 


130 (67-198)* 85 (77-165)* 


0.74 (0.32-1.21) 
0.14 (0.09-0.39) "#45 


0.68 (0.45-0 93) 
0.58 (0.42-0.88)+ 





nificantly lower ACAC concentrations than the other 
propofol infusion groups. HOB and TKB were signifi- 
cantly higher in the hyperoxia group. Finally, AKBR 
was significantly lower in the hypoxia group (table 4). 


Discussion 


Diprivan is supplied as lipid microspheres made 
from soybean oil containing 10% TG. The micro- 
spheres are metabolized, as shown in figure 1.’ The 
infused microspheres consist of TG sequentially sub- 
tracted by lipoprotein lipase. TG trapped by the liver 
cell is dissociated into FFA and glycerol. The latter is 
then metabolized via the Krebs cycle, which pro- 
duces ATP but requires much oxygen and part of the 
FFA is metabolized into acetyl-coenzyme A (acetyl- 
CoA) in the mitochondrion (beta-oxidation). 
Allocation of acetyl-CoA to either ketogenesis or the 
Krebs cycle is controlled by liver mitochondrial ATP 
concentrations. When ATP is high, acetyl-CoA enters 
the ketogenesis pathway, as ketogenesis produces less 
ATP than the Krebs cycle." Remaining FFA is resyn- 
thesized as VLDL and released into the blood. Thus 
oxygen supply which regulates ATP concentrations 
in the liver cell is an important factor for determining 
the pathway of TG metabolism. 

While Pac. ketone bodies, TG, FFA, TF and 
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Peripheral tissues 


Figure 1 Schematic diagram of metabolic pathways for fat. 
Triglycerides (TG) are metabolized via three pathways in the liver: 
Krebs cycle, ketogenesis and release as very low density 
lipoproteins (VLDL) into blood. TG are stored or metabolized 
into free fatty acid (FFA) in adipose ussue. TG and FFA are used 
as energy sources in peripheral tissues such as muscle or heart. 


VLDL did not increase compared with baseline in 
the isoflurane group, most of these variables 
increased significantly in the propofol infusion 
groups, indicating that these increases were caused 
by infusion of propofol. In the hyperoxia group 
which was supplied with excess oxygen, ketone body 
concentrations in arterial blood were significantly 
higher than in the other propofol infusion groups. 
This could be explained by the fact that hyperoxia 
increases ATP in the liver mitochondrion, causing 
acetyl-CoA to be metabolized through the ketogenic 
pathway. As humans have a large capacity for con- 
suming ketone bodies, ketosis (1000-3000 pmol 
litre") or ketoacidosis (>3000 pmol litre”) seldom 
occurs. Canivet and colleagues’ reported massive 
ketonuria during propofol infusion but this disap- 
peared soon after termination of infusion. In our 
study, ketosis or ketoacidosis were not observed, 
probably because of the short infusion time. 

In the normoxia group, Paco, was significantly 
higher than in the other groups. Under normoxia, the 
liver mitochondria oxidizes acetyl-CoA via the Krebs 
cycle to produce ATP efficiently. Moreover, glycerol, 
which is another byproduct of TG, is also metabo- 
lized via the Krebs cycle, so that more ATP and car- 
bon dioxide are produced under normoxia. This 
phenomenon is known as stimulation of respiration 
by FFA.’ The increase in carbon dioxide may become 
an additional burden when propofol is given to 
patients with respiratory dysfunction. 

While FFA, TG and TF in the hypoxia group 
increased significantly compared with the other 
groups, VLDL did not show any significant change. 
This is accounted for by the finding that infused 
emulsion produces TG via lipoprotein lipase in the 
blood and TG is metabolized into FFA in adipose tis- 
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sues.’ Peripheral tissues generally use TG and FFA to 
produce ATP, but hypoxia suppresses this because of 
insufficient oxygen and ATP. Hence, FFA, TG and 
TF in serum increase. In addition, VLDL is synthe- 
sized from TG and FFA in the liver. This process also 
needs ATP, which is why VLDL did not increase in 
the hypoxia group. 

In our study, the hypoxia groups showed no 
change in TKB and a reduction in AKBR. Hence 
acetyl-CoA is metabolized not by ketogenesis but via 
the Krebs cycle under hypoxia to generate more ATP. 
Ketone bodies and nicotine amide (NAD) are in 
equilibrium when: 


ACAC+NADH s HOB+NAD* 


Hypoxia shifts this equilibrium to the right, thus pro- 
ducing free NAD” which can generate ATP. 
Accordingly, the ratio of ACAC to HOB (=AKBR) 
decreases under hypoxia.* 

In the hypoxia group, heart rate and systolic arter- 
ial pressure decreased. These reductions can be 
explained by the existence of high blood propofol 
concentrations, hypoxia and high concentrations of 
FFA. Hypoxia increases propofol concentrations 
because of depression of metabolic rate’ and sup- 
pression of the circulatory system.” Hypoxia and 
metabolic acidosis also suppress cardiac function.” 
FFA and hvpoxia synergistically attenuate myocar- 
dial contractility.” Thus infusion of propofol under 
hypoxia may depress haemodynamic function. 
Moreover, reduced hepatic perfusion caused by this 
haemodynamic depression would decrease propofol 
and lipid clearance by the liver. 

Care should be taken in the application of our results 
to humans, because rabbits are herbivores and have a 
small capacity for metabolizing lipids. Moreover, they 
were given an infusion of a larger dose of propo- 
fol (30 mgkg'`h™ than is usual for humans 
(4-10 mg kg“ h`’). In fact, adult humans seldom mani- 
fest hypertriglycaemia during infusion of propofol. 
Paediatric patients, especially neonates, have a smaller 
capacity for metabolizing lipids than adults, and this 
may cause the fat-overload syndrome.” This syndrome 
constitutes an unusual but fatal complication of i.v. 
lipid administration. Parke and colleagues reported 
the death of five children who underwent mechanical 
ventilation with propofol sedation. Their symptoms 
were characterized by lipaemia, hepatosplenomegaly, 
bradycardia, metabolic acidosis and fever, all of which 
are similar tc the symptoms of the fat-overload syn- 
drome. In contrast, Pepperman and Macrae” reported 
that infusion of propofol for sedation in paediatric 
patient still compares favourably with other sedative 
agents although it sometimes causes metabolic acidosis 
or lipaemia. 

In summary, we found that hyperoxia caused keto- 
sis, but reduction of propofol infusion rate or inhaled 
oxygen tensian reduced the level of ketone bodies. In 
the case of long-term propofol infusion, urine should 
be tested regularly for ketonuria. Hypoxia caused 
accumulation of FFA and TG, increase in propofol 
concentrations and suppression of haemodynamic 
function. Thus propofol should be used cautiously in 
patients who might become hypoxic. Maintaining 
normoxia is therefore recommended during long- 
term infusion of propofol. In addition, Pa,,, should 
be measured regularly. 
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Thiopental and propofol impair relaxation produced by ATP-sensitive 
potassium channel openers in the rat aorta 


H. Kinosuita, K. ISHDA AND T. ISHIKAWA 


Summary 

ATP-sensitive potassium channel openers are 
used as vasodilators in the treatment of cardio- 
vascular disorders. The effects of i.v. anaesthetics 
on arterial relaxation induced by ATP-sensitive 
potassium channel openers have not been 
studied. Therefore, in this study, we have exam- 
ined if thiopental (thiopentone) and propofol 
affect the vascular response to the ATP-sensitive 
potassium channel openers, cromakalim and 
pinacidil, in the isolated rat aorta. Rings of 
rat thoracic aortas without endothelium were 
suspended for isometric force recording. 
Concentration—response curves were obtained 
in a cumulative manner. During submaximal 
contractions with phenylephrine 0.3 pmol litre”, 
relaxation after cromakalim 0.1-30 pmol litre”, 
pinacidil 0.1-30 umol litre’ and papaverine 
0.1-300 pmol litre’ was demonstrated. 
Thiopental 30-300 pmol litre’, propofol 10-100 
umol litre’, 10% Intralipid 45 pl or glibenclamide 
5 umol litre’ were applied 15 min before addi- 
tion of phenylephrine. During contractions with 
phenylephrine, cromakalim and pinacidil induced 
concentration-dependent relaxation. A selective 
ATP-sensitive potassium channel antagonist, 
glibenclamide 5 mol litre’, abolished this relax- 
ation, whereas it did not affect relaxation pro- 
duced by papaverine. Thiopental concentrations 
>30 pmol litre’ significantly impaired relaxation 
produced by cromakalim or pinacidil. Propofol 
concentrations >10 umol litre” also significantly 
reduced relaxation produced by cromakalim or 
pinacidil, whereas Intralipid was ineffective. 
Thiopental 300 pmol litre’ and propofol 100 
umol litre’ did not alter relaxation produced by 
papaverine. These results suggest that the i.v. 
anaesthetics, thiopental and propofol, impaired 
vasodilatation mediated by ATP-sensitive potas- 
sium channels in vascular smooth muscle cells. 
(Br. J. Anaesth. 1998; 81: 766-770). 


Keywords: anaesthetics i.v., propofol; anaesthetics 1.v., 
thiopental, pharmacology, cromakalim; pharmacology, 
pinacidil; ions, potassium; jons, ion channels; rat 








It has been demonstrated that ATP-sensitive potas- 
sium channels play an important role in mediation of 
vasodilator responses induced by many physiological 
and pathophysiological stimuli, including acidosis,’ 
hypercapnia, hypoxia,’ nitric oxide,* cyclic AMP and 
cyclic GMP,’ and receptor agonists.~* ATP-sensitive 
potassium channel openers are used as therapeutic 


tools for cardiovascular disorders such as hyperten- 
sion, angina pectoris and congestive heart failure.” 
Studies on cardiac myocytes have demonstrated that 
the i.v. anaesthetics, thiopental and propofol, can 
suppress the delayed rectifier and/or inward rectifier 
potassium currents.” However, little is known of 
the effects of anaesthetics on vasodilatation via potas- 
sium channels in vascular smooth muscle cells. 
Therefore, we have examined the effects of thiopen- 
tal and propofol on vasodilatation mediated by ATP- 
sensitive potassium channels by examining if these 
drugs modify relaxation produced by the ATP-sensi- 
tive potassium channel openers, cromakalim and 
pinacidil, in the isolated rat thoracic aorta. 


Materials and methods 


The study was approved by the Institutional Animal 
Care and Use Committee. The experiments were 
performed on 3-mm thoracic aortic rings obtained 
from male Wistar-Kyoto rats (300-350 g), anaes- 
thetized with pentobarbital sodium 50 mg kg” i.p. 
Rings were studied in modified Krebs—Ringer bicar- 
bonate solution (control solution) of the following 
composition (mmol litre’): NaCl 118.3, KCl 4.7, 
CaCl, 2.5, MgSO, 1.2, KH,PO, 1.2, NaHCO, 25.0, 
calcium EDTA 0.026 and glucose 11.1. In all rings, 
endothelium was removed mechanically and 
endothelial removal was confirmed by the absence of 
relaxation to acetylcholine 10 pmol litre’. Several 
rings cut from the same artery were studied in paral- 
lel. Each ring was connected to an isometric force 
transducer and suspended in an organ chamber filled 
with 25 ml of control solution (37°C, pH 7.4) bub- 
bled with 94% oxygen-—6% carbon dioxide. Arteries 
were gradually stretched to the optimal point of the 
length-tension curve, as determined by contraction 
with phenylephrine 0.3 pmol litre’. In most of the 
arteries studied, optimal tension was achieved at 
approximately 1.5 g. Preparations were equilibrated 
for 90 min. During submaximal contractions to 
phenylephrine 0.3 pmol litre’, concentration— 
response curves to cromakalim 0.1—30 pmol litre’, 
pinacidil 0.1-30 pmol litre” or papaverine 0.1-300 
umol litre’ were obtained in the absence or presence 
of thiopental, propofol, Intralipid or glibenclamide. 
Concentration—response curves were obtained in a 
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Figure 1 Concentration-response curves for cromakalim 0. 1-30 pmol litre’ and pinacidil 0. 1—30 pmol litre” in the 
absence and presence of glibenclamide 5 pmol litre", obtained ın rat thoracic aortas without endothelium Data are 
mean, SEM and expressed as percent of maximal relaxation induced by papaverine 300 pmol htre™'; 100%=860 (10) mg 
(n=6) and 820 (50) mg (n=6) for control and glibenclamide, respectively (left) and 100%=633 (59) mg (n=6) and 580 
(87) mg (n=6) for control and ghbenclamide, respectively (mght). *P< 0.05 between control rings and rings treated with 


glibenclamide. 


cumulative manner. Only one concentration- 
response curve was made from each ring. Thiopental, 
propofol, Intralipid or glibenclamide was given 15 
min before addition of phenylephrine 0.3 pmol litre”. 
Propofol was applied in its commercially available 
10% Intralipid emulsion (10% soybean oil, 2.25% 
glycerol and 1.2% purified phospholipid). 

In a separate series of experiments, the volume of 
10% Intralipid 45 ul, identical to that administered to 
obtain the highest concentration of propofol (100 
umol litre”), was used. Papaverine 300 pmol litre’ 
was added at the end of the response to cromakalim 
or pinacidil to produce maximal relaxation of arteries. 
Relaxation was expressed as percentage of maximal 
relaxation to papaverine 300 pmol litre”. 

The following pharmacological agents were used: 
cromakalim, dimethyl sulphoxide (DMSO), gliben- 
clamide, papaverine hydrochloride, phenylephrine 
(Sigma, St. Louis, MO, USA), pinacidil GCN 
Biomedicals Inc., Aurora, O), propofol (Diprivan; 
Zeneca Pharmaceutical Co., Osaka, Japan), thiopen- 
tal sodium (Tanabe Pharmaceutical Co., Osaka, 
Japan), and 10% Intralipid (Ohtsuka Pharmaceutical 
Co., Tokyo, Japan). Drugs were dissolved in distilled 
water such that volumes of <0.15 ml were added to 
the organ chambers. Stock solutions of cromakalim 
30 umol litre”, pinacidil 30 pmol litre’ and gliben- 
clamide 5 pmol litre’ were prepared in DMSO 
50-160 pmol litre’.’ Concentrations of drugs are 
expressed as final molar (mol litre’) concentration. 


STATISTICAL ANALYSIS 


Data are expressed as mean (SEM); n=number of rats 
from which the aortas were obtained. Statistical 
analysis was performed using one-way ANOVA, fol- 
lowed by Fisher’s test. Differences were considered 
to be statistically significant when P<0.05. 


Results 


Initially, we examined the effects of a selective ATP- 
sensitive potassium channel antagonist, gliben- 
clamide, on relaxation produced by cromakalim 
and pinacidil to demonstrate if these potassium chan- 
nel openers selectively produced relaxation mediated 
by ATP-sensitive potassium channels. In figure 1, 


concentration—response curves for cromakalim and 
pinacidil in the absence and presence of gliben- 
clamide are shown. During submaximal contractions 
with phenylephrine 0.3 pmol htre’, cromakalim 
0.1-30 pmol litre” and pinacidil 0.1-30 pmo! litre” 
induced concentration-dependent relaxation. In 
arteries treated with glibenclamide 5 pmol litre’, 
relaxation produced by cromakalim and pinacidil was 
abolished. The same concentration of glibenclamide 
did not affect relaxation to the non-selective vasodila- 
tor, papaverine 0.1-300 pmol litre” (table 1). 

The effects of thiopental and propofol on relax- 
ation produced by cromakalim, pinacidil and 
papaverine were then examined to determine if these 
agents selectively modified relaxation mediated by 
ATP-sensitive potassium channels. Thiopental signif- 
icantly impaired relaxation produced by cromakalim 
and pinacidil in a concentration-dependent manner 
(fig. 2). Propofol also significantly reduced relaxation 
produced by cromakalim and pinacidil in a concen- 
tration-dependent manner (fig. 3), whereas 10% 
Intralipid did not affect these responses (data not 
shown). In contrast, even the highest concentrations 
of thiopental (300 pmol litre’) and propofol (100 
umol litre’) did not alter relaxation produced by 
papaverine (fig. 4) or affect basal tone (data not 
shown). Maximal relaxation to papaverine 300 pmol 
litre” in arteries treated with these agents was not dif- 
ferent compared with that of contro] arteries (see 
legends to figs 2-4). 


Discussion 


In this study, we have demonstrated that: (1) the 
ATP-sensitive potassium channel openers, croma- 
kalim and pinacidil, produced arterial relaxation 
which was inhibited by a selective ATP-sensitive 
potassium channel antagonist, glibenclamide; (2) the 


Table 1 Effect of glibenclamide 5 pmol litre” on relaxations 
produced by papaverime in rat thoracic aortas without 
endothelium. Data are mean (SEM) 








-log EC,, Maximal relaxation (mg) 
Control 4.9 (0 1) 808 (74) 
Ghbenclamide 4.9 (0.1) 768 (39) 
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Figure 2 Concentration-response curves for cromakalim and pinacidil in the absence and presence of thiopental 30, 
100 and 300 pmol litre”, obtained ın rat thoracic aortas without endothelium. Data are mean, sEM and expressed as 
percent of maximal relaxanon induced by papaverine 300 pmol litre’; 100%=980 (70) mg (n=6), 970 (70) mg (n=6), 

* 910 (80) mg (n=6) and 900 (120) mg (n=6) for control rings and rings treated with thiopental 30, 100 and 300 pmol 
litre’, respectively (left) and 100%=695 (43) mg (n=5), 674 (55) mg (n=5), 696 (75) mg (7=5) and 560 (44) mg (n=5) 
for control mngs and rings treated with thiopental 30, 100 and 300 pmol litre”, respectively (right). *P< 0.05 between 


- contro] rings and rings treated with thiopental. 


i.v. anaesthetics, thiopental and propofol, reduced 
relaxation produced by cromakalim and pinacidil in 
a concentration-dependent manner; and (3) these 
anaesthetics did not alter relaxation produced by 
papaverine. These results suggest that thiopental and 
propofol impair vasodilatation mediated by ATP- 
sensitive potassium channels in smooth muscle cells. 

It has been demonstrated that cromakalim and 
pinacidil are selective ATP-sensitive potassium 
channel openers” and they cause efflux of potassium 
ions and subsequent hyperpolarization of vascular 
smooth muscle cells.° The sulphonylurea, gliben- 
clamide, has been shown to be a selective antagonist 
of ATP-sensitive potassium channels acting via the 
sulphonylurea receptors of these channels but it does 
not affect the activity of calcium channels, inward 
rectifier, delayed rectifier or calcium-dependent 
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potassium channels‘ * “° Therefore, our findings that 
in endothelium denuded rat thoracic aortas gliben- 
clamide abolished relaxation produced by cromakalim 
and pinacidil, whereas it did not alter relaxation pro- 
duced by the non-selective vasodilator, papaverine, 
suggest that relaxation by cromakalim and pinacidil 
is mediated by ATP-sensitive potassium channels in 
smooth muscle cells, reinforcing previous conclu- 
sions concerning the selectivity of cromakalim and 
pinacidil for this class of channel.°*” 

In the rat aorta, thiopental and propofol but not 
Intralipid, significantly reduced relaxation produced 
by cromakalim and pinacidil, whereas these anaes- 
thetics did not affect relaxation produced by 
papaverine, indicating that thiopental and propofol 
selectively decreased relaxation to ATP-sensitive 
potassium channel openers. These results suggest 
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Figure 3 Concentration-response curves for cromakalim and pinacidil in the presence of 10% Intralipid 45 ul and propofol 10, 30 and 
100 pmol litre’, obtained in rat thoracic aortas without endothelium. Data are mean, SEM and expressed as percent of maximal relaxation 


induced by papaverine 300 pmol litre 


i: 100%=970 (60) mg (n=6), 950 (30) mg (n=6), 920 (80) mg (n=6) and 810 (90) mg (n=6) for rings 


treated with 10% Intralipid, and propofol 10, 30 or 100 pmol hitre”, respectively (left), and 100%=880 (114) mg (n=4), 860 (95) mg (n=4), 
840 (69) mg (n=4) and 720 (57) mg (n=4) for rings treated with 10% Intrahpid, and propofol 10, 30 and 100 umol litre”, respectively 
(right). *P< 0.05 between rings treated with 10% Intralipid and those treated with propofol. - 
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Figure4 Concentration—response curves for papaverine 
0.1~300 pmol litre” in the absence and presence of propofol 
100 pmol litre’ and thiopental 300 pmol litre”, obtained in rat 
thoracic aortas without endothelium. Data are mean, sEM and 
expressed as percent of maximal relaxation induced by papaverine 
300 pmol litre”; 100% =808 (74) mg (n=5), 680 (80) mg (n=5) 
and 680 (47) mg (n=5) for control rings and rings treated with 
propofol 100 pmol litre’ and thiopental 300 pmol litte’, 
respectively. ` 


that thiopental and propofol reduce vasodilatation 
mediated by ATP-sensitive potassium channels in 
vascular smooth muscle cells. Previous studies in car- 
diac myocytes” and in isolated blood vessels'* * 
illustrated similar inhibitory effects of these anaes- 
thetics on the activity of potassium channels other 
than ATP-sensitive ones. In cardiac myocytes, 
thiopental suppressed delayed rectifier and inward 
rectifier potassium currents, whereas propofol sup- 
pressed only the latter:'*"? In carotid and renal arter- 
ies, thiopental reduced relaxation produced by 
endothelium-derived hyperpolarizing factor, which 
causes activation of calcium-dependent potassium 
channels in smooth muscle cells.“ ’ The precise 
mechanism of effects of thiopental and propofol on 
these potassium channels, including ATP-sensitive 
potassium channels, remains to'be determined. 

In this study, thiopental and propofol appeared to 
inhibit relaxation produced by cromakalim more 
effectively than pinacidil. These results may in part 
be a result of the differential vasodilator potencies of 
these ATP-sensitive potassium channel openers. 
Indeed, in our experimental conditions, cromakalim 
produced better relaxation at lower concentrations 
compared with pinacidil, whereas relaxation with 
these compounds was similar at higher concentra- 
tions. These results are consistent with a previous 
observation that cromakalim is a more potent 
vasodilator than pinacidil.” It is likely that differ- 
ences in chemical structure between benzopyran and 
pyridine compounds are responsible for differential 
vasodilator effects of these ATP-sensitive potassium 
channel openers.” 

Thiopental, in the concentrations used in our 
study, has been shown in myocytes to modestly affect 
voltage-dependent calcium currents compared with 
delayed rectifier potassium currents," indicating that 
thiopental may be less effective on calcium channels. 
In rat aortas, similar concentrations of thiopental did 
not alter concentrations of intracellular calcium in 
arteries treated with potassium chloride, suggesting 
that it does not affect regulatory mechanisms to 
increase intracellular calcium in vascular smooth 
muscle cells." Therefore, it is likely that in vascular 
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smooth muscle cells, thiopental preferentially 
impairs the activity of potassium channels over 
calcium channels. 

A previous study in the rat aorta demonstrated that 
propofol antagonized voltage-dependent calcium 
channels in vascular smooth muscle cells.’ Studies in 
cardiac myocytes also demonstrated that propofol 
suppressed L-type voltage-dependent calcium cur- 
rents." ° In our study, propofol reduced relaxation to 
ATP-sensitive potassium channels, whereas the dose 
required was higher than needed to block voltage- 
dependent calcium channels in vascular smooth 
muscle cells.” Therefore, it appears that in vascular 
smooth muscle, voltage-dependent calcium channels 
may be more sensitive to propofol than ATP- 
sensitive potassium channels. 

Plasma concentrations of thiopental and propofol 
during induction of anaesthesia in humans have been 
reported as up to 450 pmol litre” and 30 pmol litre” 
for thiopental and propofol, respectively.” 
Considering that these drugs bind substantially to 
plasma proteins, free plasma concentration would be 
less. Our concentrations of thiopental and propofol 
that demonstrated inhibition of vasodilatation via 
ATP-sensitive potassium channels may be higher 
than expected free plasma concentrations after an 
induction dose, especially for propofol. However, in 
the field of neurosurgery and neurological intensive 
care, high-dose barbiturates are used as a tool for 
cerebral protection in brain ischaemic patients,” and 
in these cases free plasma concentrations of barbitu- 
rate are comparable with the concentrations exam- 
ined in our study. Although burst suppression doses 
of propofol are also available for cerebral protection, 
the effective free plasma concentrations of propofol 
are lower than the concentrations used in our study.” 
Thus in vascular smooth muscle cells, these i.v. 
anaesthetics, particularly thiopental, may alter the 
vasodilator effect of ATP-sensitive potassium chan- 
nel openers in clinical situations. 

It is important to note that the inhibitory effects of 
thiopental and propofol on relaxation of ATP-sensi- 
tive potassium channel openers were demonstrated in 
arteries without endothelium. ATP-sensitive potas- 
sium channel openers can be used as vasodilators for 
patients with cardiovascular disorders, including 
hypertension.’ It has been demonstrated that in these 
patients, endothelial function is impaired, resultin 
in decreased endothelium-dependent relaxation.’ 
Therefore, our results in the preparations without 
endothelium indicate that thiopental and propofol 
may affect the vasodilator effects of ATP-sensitive 
potassium channel openers, particularly in patients 
with endothelial dysfunction. 

Activation of ATP-sensitive potassium channels 
plays an important role in circulatory regulation. A 
recent study demonstrated that cromakalim com- 
pletely dilated basilar arteries during vasospasm after 
subarachnoid haemorrhage, suggesting that activation 
of ATP-sensitive potassium channels may restore cere- 
bral blood flow in brain tissues perfused by vasospastic 
cerebral arteries.“ In addition, previous findings 
demonstrated that acidosis, decreased concentrations 
of intracellular ATP and increased concentrations of 
intracellular ADP, concurrently with hypoxia and 
ischaemia, can activate ATP-sensitive potassium 


. channels, leading to arterial dilatation and/or 
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increased tolerance of tissues to ischaemia.’ * 


7 


Therefore, our results suggest that in such physiolog- 
ically and pathologically induced activation of ATP- 
sensitive potassium channels, i.v. anaesthetics may 
impair the beneficial vasodilator responses mediated 
by ATP-sensitive potassium channels. 
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Evoked responses in anaesthesia 


C. THORNTON AND R. M. SHARPE 


The aim of this review is first, to provide the clinical 
anaesthetist with a sufficient background regarding 
evoked responses, and second, to present current 
research in this sphere, thereby allowing an appraisal 
to be made of the usefulness of evoked potentials in 
the clinical setting. We shall consider: (1) the back- 
ground, including the origins of the various evoked 
response components and the technical and subject 
related factors which should be considered when 
using evoked responses; (2) potential clinical applica- 
tions: (a) as a monitor of awareness and depth of 
anaesthesia/sedation; and (b) for the assessment of 
nociception and pain. 


Background 


Evoked responses are derived from the electro- 
encephalogram (EEG) in response to auditory, 
somatosensory, nociceptive and visual stimuli. These 
evoked responses are obvious candidates for investi- 
gation as they reflect the functional integrity of specific 
peripheral and central nervous system (CNS) 
regions in humans. The changes that occur in the 
evoked responses allow anaesthetists to assess the 
effects of the drugs that they are administering on the 
target site, namely the brain, i vivo. Consequently, 
interest in evoked response monitoring in the three 
speciality areas of clinical anaesthesia (general anaes- 
thesia, intensive care and pain assessment), has 
increased considerably in the past 10-15 yr. This 
review explores the potential usefulness of evoked 
responses in fulfilling these aims, based on an under- 
standing of the research in these areas. 


PRODUCTION OF THE EVOKED RESPONSE 


Many types of stimuli evoke a response in the EEG. 
To extract the response from background “noise”, 
signal averaging is necessary to produce an “aver- 
aged” evoked response. Modern techniques digitalize 
EEG waveforms for a specified time after the stimuli 
and add them together. The response to the stimulus 
emerges and background noise which occurs ran- 
domly with respect to the stimulus is therefore can- 
celled out. These techniques require the stimulus to 
be applied at a known and precise point in time. This 
is straightforward for auditory, visual, electrical and 
laser stimuli, but less so for mechanical stimuli. 


(Br. J. Anaesth. 1998; 81: 771-781). 


Keywords: brain, evoked potential, monitoring, evoked 
potential; anaesthesia, depth; memory 


ORIGINS OF THE EVOKED RESPONSE 


Different evoked responses reflect different func- 
tional or anatomical areas of the brain. The auditory, 
somatosensory and laser evoked responses wave- 
forms are shown in figures 1, 2 and 3, respectively. 
The auditory evoked response (AER) waveform 
with its series of peaks and troughs represents the 
passage of electrical activity from cochlea to cortex. 
Figure 1 shows 11 waves generated by a sound stim- 
ulus given at the origin on a logarithmic scale. The 
brainstem waves represented by the Roman numer- 
als I-V are generated from sites in the brainstem.“ “7 
The early cortical (or middle latency waves) No, Po, 
Na, Pa, Nb are generated from the medial geniculate 
and primary auditory cortex.” ” The late cortical 
waves P1, N1, P2, N2 and P3 are generated from the 
frontal cortex and the association areas.”” 
Somatosensory evoked potentials (SEP) can be 
recorded by stimulating almost any nerve trunk at 
various levels. The most frequently studied are those 
in response to median and ulnar nerve stimulation. 
Constant current stimulation of the median nerve 
through a pair of surface electrodes strapped to the 
patient’s wrist gives the responses generated by the 
fine touch somatosensory pathway (fg. 2). N13 is 
thought to originate from the dorsal column nucleus 
cuneatus,” N14 from the medial lemniscus,’ and 
N20 and N35 from the region of the thalamus and 
primary cortex.’”** Subsequent waves probably orig- 
inate from the frontal cortex and association cortices. 
The SEP elicited in response to cutaneous painful 
stimuli have a longer latency depending on the site 
and type of stimulus. The nociceptive signal travels 
via small diameter myelinated A-delta and unmyeli- 
nated C-fibres to the dorsal horn via the dorsal root 
ganglion. Second order neurones relay the signal to 
the thalamus via the spinothalamic tract. Third order 
neurones project from the thalamus to the primary 
sensory cortex where the conscious perception of 
pain occurs.”° 
A “vertex potential” is the SER associated with 
the sensation of pain and it is labelled according to 
polarity (P=positive and N=negative) and latency. 
Components with latencies at 100-700 ms are 
thought to coincide with secondary cortical process- 
ing involved in stimulus recognition and localization 
and with the magnitude and characterization of 
painfulness. These are called Jate components 
(fig. 3a) to distinguish them from the ultra late com- 
ponents (fig. 38) which have latencies of 1-2 s." ” 
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Figure 1 Auditory evoked response. This diagram describes the nomenclature of the response and shows its anatomical 
relationship with the auditory neuraxis. The brainstem response has a well documented anatomical relationship with the 
auditory neuraxis, whereas later responses have origins which are less easy to define. 
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Figure2 Somatosensory evoked response. This diagram shows waveforms obtained when the stimulating electrode 1s 
placed at the wrist above the median nerve and the recording electrodes are above (a) the somatosensory cortex and 
(B) the seventh vertebra. The nomenclature of the response and 1ts anatomical relationship with the fine/touch 


somatosensory neuraxis is shown. 


Visual evoked responses have been studied exten- 
sively by neurophysiologists, but little research exists 
with respect to anaesthesia. 


EVOKED RESPONSE-—TECHNICAL CONSIDERATIONS 


Equipment for recording and analystng evoked responses 


A system that can be used to record evoked responses 
is shown in figure 4. Developed at Northwick Park 
Hospital’ specifically for use in the operating the- 


atres, it consists of a small multichannel pre-ampli- 
fier, linked via an optical fibre cable to a personal 
computer (PC) fitted with a specially adapted digital 
signal processing board. This ultimately could fit into 
any multimode monitoring device. The EEG is 
recorded from scalp electrodes, amplified and 
relayed to the computer. The pre-amplifier also pro- 
duces the stimulus, in the diagram an auditory stim- 
ulus, which is applied to the patient’s ears via 
miniature earpieces. Software installed on the PC 
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Figure 3 Argon laser-evoked vertex potentials, showing (a) the 
late potential, latency 430 ms and (B) a single sweep ultralate 
potential with a latency of 1150 ms. 


analyses the EEG with respect to the stimulus to pro- 
duce an averaged evoked response, which is con- 
stantly updated and displayed on the screen. There 
are a number of commercial evoked response sys- 
tems available. Apart from the obvious features such 
as portability and ease of use, the equipment should 
be flexible in terms of filtering and analysis. For use 
in the operating theatres, good isolation against 
diathermy frequencies to prevent damage to the 
amplifiers and a low intrinsic noise level are required. 

The following sections review briefly the technical 
details, such as electrode placement, stimulus type 
and repetition rate, how many responses should con- 
tribute to the average and what filtering should be 
applied? Many of the methodologies were developed 
previously by audiologists, neurologists and psychol- 
ogists who were the first to use evoked response tech- 
niques routinely. These technical considerations and 
the factors affecting the evoked responses have been 
fully reviewed previously.” 


Electrode placements 


All evoked responses derived from the EEG 
described, are recorded from bipolar surface elec- 
trodes. In the case of the auditory evoked responses 
shown in figure 1 the electrical potential recorded 






an 





Pre-amp unit 


Fibreoptic 
link 


773 


from an electrode placed on the centre of the top of 
the head (reference or inactive electrode) is sub- 
tracted from that recorded from an electrode placed 
over the temporal lobe, on the mastoid process 
(active). 

Some evoked responses can be recorded using an 
active electrode placed at a distance from the neural 
generator (farfield potentials). For example good 
brainstem and early cortical AER can be recorded 
from an active electrode placed over the inion 
process at the back of the head, some distance from 
the temporal lobe. This is useful in awake subjects as 
there is less interference from pre-auricular muscle 
tone. The late and ultra late potentials in response to 
nociceptive stimuli are recorded from the vertex 
(active) referred to linked mastoids, 


Stimulus characteristics 


Type of stimulus. The stimulus modality depends on 
the sensory pathway of interest (ie. auditory, 
somatosensory, nociceptive or visual). Then the pre- 
cise type of stimulus has to be chosen. Early cortical 
auditory evoked responses are best evoked by clicks 
of short duration (100-500 ms). For visual 
responses, a short flash of approximately 12 us dura- 
tion is often chosen. 

Somatosensory stimuli (mechanical, electrical or 
laser) can be applied cutaneously, thus stimulating 
peripheral receptors of specific sensory modalities 
such as pain and touch. Alternatively, electrical stm- 
uli can be applied more proximally by surface elec- 
trodes over a major nerve trunk. This stitvulates all 
modalities (including motor and sensory) in the 
trunk depending on the duration and intensity of the 
stimulus. 

In pain studies using evoked potentials there is 
much discussion as to the suitability of stimuli. 
Ideally a stimulus should be: (1) exclusively painful 
(i.e. touch, pressure receptors, should not be trig- 
gered by non-painful stimuli); (2) quantifiable in 
terms of the intensity and duration; (3) easily 
applied, removed and repeated without generating 
tissue damage. Habituation to the response should 
not occur. 

Electrical stimuli have been used extensively in 
pain research as they are easy to apply, quantify and 
repeat. However, the stimulus is unnatural and the 
strong electrical current required to produce pain 
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Figure4 Recording evoked responses. The system developed at Northwick Park Hospital consists of a small multi- 
channel pre-amplifier, linked via a fibreoptic cable to a personal computer (PC). The stimulus (in this case clicks) are 
generated by the pre-amplifier and presented to the patient through miniature ear-pieces. 
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stimulates different nerve types, including motor (A- 
alpha) and mixed sensory (A-beta) nerves. Thus in 
addition to the pain, the subject may experience 
twitching, tapping and tingling. Attempts have been 
made to modify the electrical stimulus by removing a 
small core of epidermis from the skin on the pulp of the 
finger.“ We have used fine intradermal acupuncture 
needles to deliver electrical stimuli, again the stimulus 
is not purely nociceptive (personal observation). 

Thermal stimulation elicits a sensation that is con- 
sidered more “natural”.” Many different methods 
have been used, but only laser emitted radiation is 
useful for producing pain evoked potentials. The tech- 
nique produces a painful stimulus with a relatively 
short duration (10 ms) that is readily “time-locked” to 
the EEG. Additionally, the stimulus intensity is easily 
quantified and varied allowing the determination of 
“laser pain thresholds” (the least stimulus intensity at 
which the subject perceives pain). 


Stimulus intensity. A certain level of stimulus is 
required to elicit a response. Between this threshold, 
up to a certain point, increasing the intensity of the 
stimulus increases the amplitude of the response and 
decreases latency. The stimulus intensity may be set 
in relation to an individual’s threshold, such as is the 
case for the median nerve somatosensory evoked 
response, where the electrical stimulus is usually 
fixed at 1.5 times the motor twitch threshold which 
ensures a supramaximal sensory stimulus. Electrical 
and laser stimuli are easily adjusted and quantified. 
For the auditory and visual evoked responses the 
stimulus is often set at a fixed intensity above the 
population’s average threshold. 


Stimulus presentation rate. This is important clinically, 
as increasing the rate of stimulus presentation can 
reduce the time taken to carry out the test. The num- 
ber of stimuli needed to produce a clear averaged 
response depends on the amplitude of the response 
in relation to the background noise. However, 
increasing the stimulus presentation rate above a cer- 
tain value can in itself reduce response as a result of 
stimuli being presented within the refractory period 
of the previous response and as a result of response 
overlapping. When responses overlap, deflections of 
opposite polarity occur together and the amplitude 
of the average is reduced. Under normal circum- 
stances a compromise has to be reached between the 
clarity of the response and the time taken to obtain it. 
Short latency waves of the auditory (early cortical) 
and somatosensory evoked responses can be pro- 
duced by fast stimulation rates. Usually 512-1024 
sweeps are averaged, representing 1-2 min of data 
collection at a stimulus rate of 6 Hz. Some workers 
find it beneficial to use irregular stimulus repetition 
rates to desynchronize the response from regular 
sources of interference such as EEG and 50-Hz 
mains signals. 


Side of stimulation. For all three modalities, the sen- 
sory pathways cross over in the spinal cord or brain 
so that the side of stimulation affects the response. 
This lateralization of the response has been exploited 
to deduce the anatomical origins of the waves. After 
crossing over has occurred the precise location of the 
generators influence whether the waves are the same 


British Journal of Anaesthesia 


size or larger on the contralateral side. Stimulation 
from both, as opposed to one side of the body, 
increases wave amplitude and decreases wave 
latency. 


Analysing the evoked response 


The latencies of the peaks and troughs (in ms) along 
the horizontal axis and their amplitude (uV) along 
the vertical axis may be measured manually. This is 
the simplest method by which changes in evoked 
responses can be assessed and a valuable contribu- 
tion has been made from data collected in this way. 

Power spectral analysis (based on fast Fourier 
transformations) of the evoked response waveform 
has been applied by Schwender and colleagues.” 
Coherent frequency analysis may be applied to the 
steady state evoked response.” We have described an 
index based on the average second differential of the 
waveform for a time window which includes the early 
cortical response.” Doi and colleagues prefer the 
sum of square root of absolute difference between 
any two successive 0.56-ms segments of the AER 
waveform.” A novel attempt has been made by 
Stockmanns and colleagues” to derive numerical 
indices from evoked responses using the technique of 
wavelet transformation. The AER waveform is 
decomposed into constituent waveforms using one 
specific function—there are a number of known 
wavelet transformation functions. This approach dif- 
fers from fast Fourier transformation, which is based 
on cosine and sine functions only. These sophisti- 
cated methods of analysis have the advantages that 
they are objective and can be automated but they do 
not necessarily provide additional or better informa- 
tion than the manual methods. 


Filtering 


To allow comparison of amplitude and latency, uni- 
form filtering must be applied to every subject in 
each study (and between studies if comparisons are 
to be made). Some filtering of the EEG, before signal 
averaging and of the averaged evoked response wave- 
form itself, can be useful. It serves to abolish fre- 
quencies which interfere with the interpretation of 
the waveform. Appropriate filtering can make the 
waveforms between runs and between subjects more 
reproducible but when it is too severe, it may attenu- 
ate the response of interest or even abolish it com- 
pletely.” Digital filtering is preferable to analogue 
filtering as the latter can change latency and distort 
the signal. A compromise has to be reached, bearing 
in mind that both the frequency content of signal and 
noise may be changed by the effect or treatment 
studied. For instance, the dominant frequencies in 
children’s early cortical AER are shorter than in 
adults requiring adjustments in filtering. The AER of 
children less than 2 yr of age are also more suscepti- 
ble to interference from ECG, which in combination 
with certain filter ranges can give rise to misleading 
data.” 


EVOKED RESPONSES—-SUBJECT RELATED CONSIDERATIONS 


Factors related to the subjects studied may influence 
the evoked response obtained. Consideration of these 


Evoked responses in anaesthesia 


factors is necessary when potentials are compared 
between different individuals and studies. 


Temperature 


In general, hypothermia produces an increase in 
latency and may also produce a reduction in ampli- 
tude, depending on the severity of the decrease in 
temperature.“ Hyperthermia has the opposite 
effect.” The somatosensory evoked response is the 
most susceptible to changes in temperature, as a 
major section of the pathway is peripheral. Skin tem- 
perature influences sensory and pain thresholds 
elicited by laser stimulation.“ 


Skin characteristics 
Skin thickness and reflectance (colour) can also 


influence the amount of laser energy in the vicinity of 
the nociceptor.* 


Age and sex 


There is much discussion on the effects of age and 
sex on the evoked responses, which may suggest that 
the effects are not large compared with the popula- 
tion variability and therefore can largely be dis- 
counted with respect to anaesthesia and ITU 
monitoring. The general trend for all responses is an 
increase in latency with age. Differences in amplitude 
may relate more to skull size than to age or sex. In 
some cases the elderly are less sensitive to laser stim- 
uli, reductions in amplitude with increased latency 
were observed with increasing age.” 


Natural sleep and level of arousal 


The waves of the auditory evoked response before 
30 ms (Pa) appear stable to changes in the level of 
arousal (i.e. sleep, level of alertness). Later waves 
change dramatically during sleep. Pb/P1 completely 
disappears during deep (stages 3 and 4) natural 
sleep.” It is this aspect which has been exploited to 
measure potential awareness during anaesthesia. In 
awake subjects, increased amplitudes of the late cor- 
tical responses have been shown to be associated with 
higher levels of alertness/attention.” 

-The effects of arousal or natural sleep on the visual 
or somatosensory evoked responses have not been 
studied extensively, probably because of the obtru- 
siveness of these stimuli. 


Neurological disease 


Many of the original applications of evoked 
responses were for the diagnosis of neurological dis- 
eases. Peripheral lesions affect the evoked responses 
and have to be considered if the evoked responses are 
used to monitor depth of anaesthesia or to assess 
pain. 

The visual evoked response, for example, is 
affected by lens defects such as cataract” and condi- 
tions such as optic neuritis.’ The auditory evoked 
responses are affected by conductive and sen- 
sorineural hearing disorders* and somatosensory 
evoked responses by damage to sensory. nerves and 
nerve roots.” Multiple sclerosis and other demyeli- 
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nating diseases can affect the response.” ” “ 


Demyelinating diseases have a selective action on A- 
delta fibres leaving the unmyelinated C-fibres intact. 
This may result in an absent late vertex potential 
with the emergence of an ultra late response thought 
to be transmitted via C-fibres.* 

Tumours, which affect the specific nerve tracts,” 
and factors which affect the brain, such as 
ischaemia” and- coma” “7” can also affect evoked 
responses. 


Monitoring awareness, depth of anaesthesia 
and sedation 


CLINICAL REQUIREMENT 


After the introduction of neuromuscular blocking 
drugs, many of the traditional signs of anaesthesia 
were rendered useless and intraoperative awareness 
during general anaesthesia emerged as a problem. 
This prompted the search for methods for detecting 
awareness during anaesthesia and the graded 
changes that occur in the CNS related to depth of 
anaesthesia. The anaesthetist requires a monitor of 
anaesthetic depth, they are then able to react to pre- 
vent awareness and tailor the dose of the drug to the 
patient’s requirements. Prompt emergence from 
anaesthesia or sedation is then possible if required. 
Another useful application of such a monitor would 
be to predict if a patient was going to move in 
response to or during surgery in spontaneously 
breathing patients. A monitor of awareness could be 
beneficial in the ITU situation, especially in sedated 
patients with whom it is difficult to communicate. 
The EEG has been known for some time to show 
graded changes with increasing concentration of 
inhalation anaesthetics.” ” Generated from within 
the CNS, the EEG is not affected by neuromuscular 
blocking agents. Attention was therefore directed 
towards the EEG as a possible indicator of awareness 
and depth of anaesthesia. However, extensive 
research has proved disappointing as the EEG 
changes seen with general anaesthetics vary for dif- 
ferent agents.” The evoked responses were the next 
candidates for investigation. In the studies reviewed 
below, motor responses and psychological tests of 
implicit and explicit memory have been used to 
assess awareness and attempts have been made to 
correlate evoked responses with these variables. 


RESEARCH EVALUATING USE OF EVOKED RESPONSES 
To detect awareness during anaesthesia 


Certain definitions are important for interpreting 
research findings. In a patient who is aware during 
anaesthesia, memory can be explicit or implicit. 
Explicit memory occurs when the patient/subject is 
able to recall events happening during surgery or 
words spoken during an experiment. Implicit mem- 
ory occurs when the patient/subject’s behaviour is 
modified by information given during “anaesthesia”, 
but they have no direct recollection of the event. 

To date, the early cortical auditory evoked 
response is the most promising of the evoked 
response for distinguishing a patient who is aware 
from one who is anaesthetized. A positive response to 
verbal command and in some cases recall has been 
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shown to be associated with an Nb latency <44.5 ms 
(the mean value from a discriminant function analy- 
sis).” This value is taken as it represents the transi- 
tion between a “three-wave trace” (danger of 
awareness) and a “two-wave trace” (fig. 5). Using an 
isolated forearm technique, seven patients were stud- 
ied before surgery. Anaesthesia was maintained with 
70% nitrous oxide in oxygen. Every 2-3 min the 
patient was asked to squeeze the fingers and then let 
go of the investigator’s hand, the AER was studied 
before and after this command. If no response 
occurred, nitrous oxide was reduced slowly to 50% 
or until a clear response was seen. An unambiguous 
endpoint was taken when the patient gave a positive 
response after a period of “no response”. This hap- 
pened in four of seven patients and was correlated 
with a short (<44.5 ms) Nb latency. None of the 
patients had explicit memory of events. Implicit 
memory was not tested.” 

In another study, volunteer anaesthetists were 
given sub-MAC concentrations of isoflurane (0, 0.1, 
0.2 and 0.4 MAC) on 4 separate days.” During a 
period when end-expiratory isoflurane was steady, 
psychological tests were carried out in which the sub- 
jects were given simple or complex commands (e.g. 
raise your left hand) and a list of words to memorize. 
The AER was recorded throughout. At 0 MAC all 
subjects had explicit memory of the commands and 
remembered being asked to memorize words, at 0.4 
MAC none of the subjects followed commands and 
had no recollection of the proceedings. (Implicit 
memory was not tested.) At the intermediate MAC 
levels there was incomplete reduction of function in 
some subjects. A correlation between Nb latency and 
response to command was demonstrated in seven of 
eight subjects. 

In further studies, loss of verbal response to com- 
mand and eyelash reflex after a bolus dose of midazo- 
lam was associated with an increase in Nb latency 
from 44 to 58 ms” and after midazolam and propofol 
infusion with an increase from 44.3 to 55 ms.” The 
association between Nb latency and awareness has 
been confirmed by other investigators who have 
studied the transition from consciousness to uncon- 
sciousness. Davies and colleagues” used a target- 
controlled propofol infusion to produce two clinical 
states which they defined as (1) “conscious” where 
the patient responded to verbal command and (2) 
“unconsciousness” where no response to verbal com- 
mand occurred and the eyelash reflex was lost. 
Comparison of the AER was made between each 
state. In this study both Pa and Nb latency were able 
to discriminate between the two states and were sta- 
tistically significant in all transitions. Several other 
workers found Nb latency to be the best correlate, 
out of a group of EEG variables, with loss of eyelash 
reflex” after propofol sedation and subsequent 
arousal after physiotherapy.” 

From reports of intraoperative awareness, using a 
variety of anaesthetic techniques, it is often noted 
that the auditory input is the last sensory modality to 
be abolished” ” and the first to return at light levels 
of anaesthesia. Patients anaesthetized for cardiac 
surgery are often studied, as a high incidence of 
awareness has been reported.” ” For example, 
Schwender and colleagues studied 45 patients 
undergoing cardiac surgery.” Anaesthesia was main- 
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Figure 5 Early cortical response. Top: the three positive waves, 
Pa, Pb and Pc, with latencies of 15-100 ms, suggest light 
anaesthesia/potential awareness At this time anaesthesia was 
maintained with 70% nitrous oxide in oxygen. Bottom: after 
addition of a small amount of halothane, the three waves were 
replaced by two positive waves, Pa and Pb, suggesting no 
awareness. 


tained with high-dose fentanyl (1.2 mg h’), supple- 
mented with flunitrazepam 1.2 mg h“, 0.6-1.2% 
isoflurane, propofol 4-8 mg kg’ h” or no additional 
agent (control group). After sternotomy, patients 
were played a tape message with an implicit memory 
task. The AER was recorded throughout. No patient 
experienced explicit memory of intraoperative 
events, but seven patients showed implicit memory 
related to the tape message. A correlation with the 
AER, in particular Pa latency, was demonstrated. 
Nine patients demonstrated a shift in Pa latency of 
<12 ms; these included all seven patients with 
implicit memory. Of the remaining 23 patients, with- 
out implicit memory changes, 21 had a Pa latency 
shift of >12 ms. 

Generally, the amplitudes of the Pa and Nb waves 
are preserved during sedation with benzodi- 
azepines.” As the generators of the early cortical 
AER are located in the primary auditory cortex and 
temporal lobe, this suggests that the benzodiazepines 
do not completely suppress cortical processing of 
auditory stimuli. This may have some relevance to 
reports of intraoperative awareness during anaes- 
thetic techniques using benzodiazepines.” There is 
also evidence to suggest that other sensory modalities 
are not completely suppressed by benzodiazepines. 
For example there is little or no change in the ampli- 
tudes and latencies of visually evoked potentials 
(VEP) after administration of diazepam.” Changes 
in the SER have been demonstrated with benzodi- 
azepines. A 60% depression of the amplitude of the 
cortical SSEP was demonstrated with midazolam, 
and small but significant reductions in latency were 
seen. 5 

Changes in Nb and Pa latency and derived indices 
which reflect these changes appear to be the best dis- 
criminators of aware and anaesthetized. An obvious 
application is to devise a feedback loop to control 
sedation at a comfortable level for the patient.“ This 
could then be applied to patients in the ITU in whom 
it is impossible to determine adequate sedation with 
existing clinical tests. 
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To measure “depth of anaesthesia” 


The early cortical AER also been investigated sys- 
tematically at the deeper levels of anaesthesia.” “*™ It 
shows graded changes with the general anaesthetics 
halothane, enflurane, isoflurane, desflurane, sevoflu- 
rane, propofol, etomidate and Althesin and these are 
partially reversed by surgical stimulation, as would 
be expected of the changes which were monitoring 
“depth of anaesthesia” as opposed to concentration. 

Figure 6 shows the effect of desflurane on the early 
cortical AER. Pa and Nb amplitudes flatten and their 
latencies lengthen, from a high amplitude wave at 
1.5% to virtually a flat line at 6.0% end-tidal desfiu- 
rane. 

The brainstem waves, although showing graded 
changes with inhalation anaesthetics, were not 
affected by i.v. agents over the clinical concentration 
range” and therefore have been discounted. Late 
cortical waves are too sensitive and are completely 
abolished by sedative doses of these agents. 

The effect of surgical stimuli such as first incision” 
and tracheal intubation” have been examined on 
these graded changes in the AER and shown to par- 
tially reverse them. For example, applying a stimulus 
when the patient is maintained with a constant 
anaesthetic concentration causes the AER to change 
to one that is associated with a lower concentration of 
anaesthetic (or lightening of anaesthetic depth). The 
effect of tracheal intubation on the AER is shown in 
figure 7. After intubation the latencies of Pa and Nb 
shorten and the amplitudes increase. 

The later waves of the somatosensory evoked 
responses, P35/N45, show similar changes with 
anaesthesia to the AER. However, the electrical pulse 
is not as acceptable to patients as a click and the 
recording electrodes have to be attached to the hairy 
parts of the scalp at precisely measured points. This 
makes the system less viable as a routine clinical 
monitor. Good early cortical AER recordings can be 
made in anaesthetized patients from ECG adhesive 
electrodes attached at the mastoid and forehead. 
Another problem with the SER is that the amplitudes 
of the waves are very variable between patients and 
therefore changes in the response caused by anaes- 
thetics would have to be compared against a “non- 
anaesthetized” baseline. This does not appear to be 
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Figure6 Early cortical auditory evoked responses in a patient 
receiving desflurane and 67% nitrous oxide in oxygen. Latency 
increases and amplitude decreases with increasing concentration. 
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necessary for the AER. Nevertheless, the SER has 
proved useful as a research tool. When the SER has 
been studied over a range of concentrations of vari- 
ous anaesthetic agents, the amplitudes of the later 
waves (P35 and N35) behaved similarly to Pa and 
Nb of the AER, in that they are not particularly sensi- 
tive to analgesics such as nitrous oxide but are pro- 
foundly affected by agents such as isoflurane. These 
changes are reversed to some extent by tracheal intu- 
bation.” 

The visual evoked response has received little 
attention as a measure of depth of anaesthesia. It 
merits further investigation, possibly using goggles to 
give flash stimuli through closed eyelids. 


To predict movement to surgical stimulation 


The effect shown by both early cortical auditory and 
somatosensory responses after tracheal intubation 
and surgical stimulation suggest that these responses 
reflect the balance in the CNS between the depres- 
sant effects of anaesthesia and sensory stimulation 
and are not simply monitors of anaesthetic concen- 
tration. However, the evoked responses have not 
emerged as reliable predictors of whether an individ- 
ual patient will move during anaesthesia. For 
instance, a recent study by Schwender and colleagues 
investigated patients undergoing elective gynaecolog- 
ical laparotomy under midazolam “anaesthesia” with 
analgesia provided by continuous epidural.” During 
the study, a total of 25 movements were observed (10 
spontaneously and 15 in response to verbal stimuli— 
“open your eyes”). After induction the only signifi- 
cant change in the AER was prolongation of Nb 
latency. There was no significant change in the AER 
before and during intraoperative movements com- 
pared with AER recordings when no movement 
occurred. There was no predictive value of the early 
cortical AER for whether or not the patient would 
move during anaesthesia. 

The same conclusion was reached in a multicentre 
European study where 82 patients were investigated 
to determine if the response in the AER to a tetanic 
stimulus could predict if the patient would move to 
surgical incision.” None of the AER measurements 
made before incision predicted whether or not 
patients subsequently moved. 








SSS) Post-intubation 
Pre-intubation 





i 

100 ms 
Figure 7 Early cortical auditory evoked response before and after 
intubation. Pa and Nb amplitudes increase and amplitudes 
shorten after this strong sensory snmulus, even though the 
anaesthetic concentrations were constant throughout. 
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Assessment of pain 


CLINICAL REQUIREMENT 


Most human pain research using evoked responses 
has been carried out in awake subjects. The late and 
ultra late potentials evoked by laser stimulation are 
the most promising for pain assessment. 

Carbon dioxide” and argon lasers” have been used 
in the study of pain. The use of infra-red carbon diox- 
ide laser causes a rapid increase in skin temperature” 
resulting in superficial skin lesions,” making this 
stimulus less suitable for repetitive stimulation. The 
local inflammation that it produces also modifies the 
nociceptive pathway. The visible argon laser stimulus 
does not produce these effects and can be applied via 
quartz fibre for cutaneous stimulation.‘ 

The exact mechanism of pain generation by laser 
stimulation is unknown, but it is generally assumed 
that the laser heat stimulates warmth and polymodal 
nociceptors located intradermally.” As the intensity 
of the laser stimulus is increased, various sensations 
are produced (personal observation). Ranging from: 
(1) no sensation; (2) a slight tingling feeling (not 
painful) sometimes labelled “pre-pain”; (3) a definite 
pinprick (first pain); and (4) a delayed burning pain 
(second pain) usually preceded by a pinprick. 

An effective method of assessing pain with evoked 
potentials should show graded change with pain inten- 
sity and the response to the pain stimulus should be 
obtunded by analgesic medication. The next section 
reviews the literature with these requirements in mind. 


RESEARCH EVALUATING USE OF EVOKED RESPONSES 
Are there graded changes with stimulus intensity? 


The majority of pain studies using evoked responses 
have studied the late component of the vertex poten- 
tial, thought to be mediated via A-delta fibres. A lin- 
ear relationship between the amplitude of the vertex 
SEP and pain „perception has been demonstrated 
with electrical ®™ and laser stimulation.” °” 


Is the response to pain stimulus obtunded by analgesic 
licanon? 

Opioids. Several studies’ ®™ have shown that the 
amplitude of pain-evoked vertex potentials was 
reduced by opioids. For example, i.m. alfentanil 
reduced the amplitude of the laser evoked response 
and increased pain thresholds by 116% while sensory 
thresholds (warmth) were unchanged.” These effects 
were reversed by naloxone 400 ug. Sensory thresh- 
olds were not significantly affected by alfentanil, sug- 
gesting a pure analgesic effect. In this study there was 
no significant effect on the latency of the evoked 
response, despite an increase in the reaction time of 
the subjects (who pressed a button when they experi- 
enced the pinprick). The differences were attributed 
to the complex central depressant actions of opioids 
on arousal/attention rather than a direct nociceptive 
effect. This led to the criticism that central opioid 
action on arousal is responsible in part for the effect 
on the evoked response—this is discussed later. 


Local anaesthetics. Studies on topical, perineural and 
epidural local anaesthetics support the vertex poten- 
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tial as a measure of pain sensation. For example, 
changes in the amplitude and latency of the laser. 
evoked cortical responses reflected changes in per- 
ception of pain when the local anaesthetic EMLA 
cream was applied.” 

The amplitude of the vertex potential elicited by 
argon laser stimulation was reduced by 42% after 
administration of the local anaesthetic bupivacaine 
into the epidural space at L2-3.° A differential effect 
was seen at the outer dermatomal limits of the 
epidural. In the caudal segments, different effects on 
warmth (sensory) and pain (pinprick) thresholds were 
seen. This could be attributed to the differential effect 
of low concentrations of local anaesthetic on the A- 
delta and C-fibres. Administration of epidural mor- 
phine produces similar reductions in amplitudes 
together with increased pain thresholds for up to 7 h. 
The changes were antagonized by naloxone. No 
change in the latency of the evoked response was seen.” 


Oral analgesics and non-steroidal anti-inflammatory 
drugs. Studies have demonstrated a 20-35% reduction 
in the amplitude of the evoked response to electrical 
and laser nociceptive dental stimuli after administra- 
tion of aspirin.” ” Reductions in the amplitude of the 
SEP produced by paracetamol and paracetamol- 
codeine combinations were also demonstrated in a 
placebo-controlled crossover study. For both drugs, 
the pinprick threshold was increased maximally at 2 h. 
Similarly, the evoked response was reduced maximally 
at 2 h for paracetamol alone but at 1 h for paraceta- 
mol-codeine. The evoked response did not mirror 
completely the changes in pain threshold.° 

So far the ultra late vertex potential has only been 
elicited to acute painful electrical” as well as carbon 
dioxide” and argon laser’ stimuli. It may find a place 
in chronic pain research as a neurophysiological cor- 
relate of C-fibre activity.” (Evoked responses have 
not yet found a role in the study of chronic pain 
which is thought to be modulated by C-fibres.) The 
ultra late potential can be elicited if a pressure block 
can be applied over the afferent nerve pathway which 
blocks the A-delta and leaves the unmyelinated C- 
fibres intact. In this situation the burning sensation 
predominates. It has been postulated that this reflects 
cortical processing from afferent C-fibre input 
because the timing of the ultra late potential (latency 
1-2 s) correlates with the delayed burning sensation 
(so called second pain). Additionally, the difference 
in latency between the late and ultra late evoked 
potentials correlates with the different conduction 
velocities of the A-delta and C-fibres. 


Nociception during anaesthesia 


CLINICAL REQUIREMENT 


Clinically we know that analgesic drugs such as opi- 
oids, nitrous oxide and NSAID obtund the pain 
response to surgery and reduce anaesthetic require- 
ments. The extent to which they obtund the auto- 
nomic responses to surgery can be used as a measure 
of their analgesic efficacy. There have been several 
studies observing the changes in evoked responses to 
tracheal intubation and surgical stimulation and 
attenuation of these responses by opioids and nitrous 
oxide.” *” The results of these studies have led to 
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claims that certain aspects of evoked responses, 
specifically the pontine thalamic components of the 
somatosensory evoked response can measure the 
analgesic component of balanced anaesthesia. 


RESEARCH EVALUATING USEFULNESS OF EVOKED 
RESPONSES 


In studies where patients were given either nitrous 
oxide or isoflurane the pontine-thalamic wave 
(P15—N20) was profoundly depressed with nitrous 
oxide (fig. 8). The cortical SER waves (P35—-N45) 
and AER waves (Pa and Nb) were more depressed by 
isoflurane than nitrous oxide.” “ 

Dose-related attenuation of the pontine-thalamic 
wave amplitude in response to intubation with 
remifentanil has been demonstrated.” As the pons— 
thalamus is the likely site of opioid receptors it was 
speculated that these waves reflect the analgesic 
aspects of anaesthesia. Attenuation of the Pa ampli- 
tude response to intubation with alfentanil” and a 
direct effect on Pa amplitude of both alfentanil” and 
remifentanil” have been demonstrated. The position 
with respect to the AER waves Pa and Nb and 
opioids is more controversial as there are no known 
opioid receptors in the auditory nerve pathway. 


Areas of controversy 


AWARENESS, DEPTH OF ANAESTHESIA, SHDATION AND THE 
AER 


The early cortical AER would be a suitable basis as a 
method which detects intraoperative “awareness” as 
indicated by the patient’s ability to register sound. If 
intra-operative awareness has to include subsequent 
memory (implicit or explicit) and some anaesthetists 
insist that it does, then the situation becomes more 
complicated because of the amnesic drugs used dur- 
ing general anaesthesia. A brain signal recorded at 
one point in time will not necessarily predict future 
behaviour accurately if events or treatments which 
occur in the period in between the two time points 
can influence behaviour. Precise definitions are nec- 
essary for understanding the research findings but 
these may not be as relevant to everyday clinical 
practice as clinical practitioners do not need to oper- 


Somatosensory evoked response 
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Figure 8 Changes in the somatosensory evoked response 
recorded from scalp electrodes and produced by stimulating the 
median nerve. The patient was given nitrous oxide or isoflurane. 
During the isoflurane period, P15-N20 and N20-P25 increased, 
and P25-N35 and N35—P45 were reduced compared with the 
nitrous oxide period. 
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ate in borderline areas where small changes in anaes- 
thetic depth could result in the difference between 
implicit or explicit memory. 

Predicting movement after incision from pre-inci- 
sion data has similar problems in predicting aware- 
ness. Also movements are affected by classes of drugs 
such as opioids, neuromuscular blocking agents, etc., 
which do not affect cortical activity directly. Any rela- 
tionship between a spinal reflex, such as movement 
to surgical incision, and the cortical AER is likely to 
be very indirect, which may explain why the AER has 
such low prediction value. 


PAIN ASSESSMENT AND THE SER 


In general there is a relationship between the ampli- 
tude of the evoked response and the pain threshold 
(fig. 9).” Although there are occasions when dissocia- 
tion occurs.° 

It can be argued that the amplitude of laser 
induced vertex potentials are affected by the sedative 
actions of opioid analgesics and this accounts for the 
discrepancy between changes in the amplitudes and 
pain ratings. To try and separate sedative and anal- 
gesic actions, the effects of sub-anaesthetic doses of 
propofol and analgesic doses of alfentanil were stud- 
ied on noxious stimuli.“ Both propofol and alfentanil 
induced similar reductions in the amplitudes of the 
evoked potentials elicited by nociceptive and non- 
nociceptive (auditory) stimuli, but only alfentanil 
reduced perceived pain, indicating that the reduction 
in amplitude of the vertex potential by propofol was 
not caused by an analgesic effect. 


Conclusion 


Evoked responses are extracted from the background 
electrical and electrophysiological noise of the EEG. 
The early cortical AER waves Pa and Nb, which occur 
between 20 and 80 ms reflect the activity in the tem- 
poral lobe/primary cortex, the site of sound registra- 
tion. Changes in the latency of these waves are highly 
correlated with a transition from awake to loss of con- 
sciousness and subsequent decreases and increases in 
the amplitude of these waves refiect the interplay of 
general anaesthetics, surgical stimulation and obtund- 
ing of the latter by analgesics. The early cortical AER 
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Figure 9 Changes in the distinct pinprick threshold (mean 
percentage change compared with baseline) compared with the 
corresponding change in amplitude (mean percentage change 
compared with baseline) of the argon laser-evoked vertex 
potential. Reproduced with permission from L. Arendt-Nielsen, 
Acta Anaesthestologica Scandinavica, 1994? 
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has real value in distinguishing between the aware and 
anaesthetized state.and subsequent CNS depression. 
This would be useful in ensuring paralysed anaes- 
thetized patients are unconscious or to contro] seda- 
tion during ITU or endoscopic procedures. 

The laser pain evoked response shows great 
promise as an objective measure of pain. So far only 
the late vertex potential or A-delta fibre response can 
be detected reliably. There is much scope for further 
research using the ultra late vertex potential as a pos- 
sible correlate of C-fibre activation. This could have 
enormous clinical application in chronic pain states. 

Accepting some technical and subject related limi- 
tations outlined in the first part of this review, these 
two areas of evoked response monitoring have 
promising applications in the areas of general anaes- 
thesia, intensive care and pain assessment. 
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A single dose of milrinone facilitates separation from cardiopulmonary 
bypass in patients with pre-existing left ventricular dysfunction — 


E. B. LOBATO, O. FLORETE JR AND H. L. BINGHAM 


Summary 


Milrinone is used during cardiac surgery to facili- 
tate separation from cardiopulmonary bypass 
(CPB) and/or to treat myocardial dysfunction in 
the post-bypass period. We have demonstrated, 
in patients with preoperative depression of 
systolic function undergoing aorto-coronary 
artery bypass surgery, sustained improvement 
in cardiac function after a single loading dose of 
milrinone 50 ug kg“, administered at the end of 
bypass, thus significantly decreasing the need 
for beta-agonist therapy. (Br J. Anaesth. 1998; 
81: 782-784). 


Keywords: heart, milrinone; heart, cardiopulmonary bypass; 
heart, myocardial function; pharmacology, milrinone 


Milrinone is an inodilator commonly used to 
improve myocardial function. Its main mechanism of 
action is via inhibition of fraction III of the enzyme 
phosphodiesterase, thus increasing intracellular con- 
centrations of cyclic AMP in the myocardium. The 
current recommended dose is a bolus of 50 ug kg’, 
followed by continuous infusion of 0.5 ug kg’ min” 
to maintain therapeutic serum concentrations.’ The 
purpose of this study was to test the hypothesis that 
in patients undergoing coronary artery bypass graft 
(CABG) surgery with pre-existing mild to moderate 
systolic dysfunction, prophylactic administration of a 
single dose of milrinone produces sustained improve- 
ment in cardiac function, thus decreasing the need 
for continuous infusion of milrinone and/or a beta 
agonist. 


Methods and results 


After obtaining approval from the local Institutional 
Review Board, we studied 21 consenting adult 
patients undergoing coronary revascularization, allo- 
cated randomly to receive a single dose of milrinone 
50 ug kg’ or placebo (normal saline solution) before 
separation from CPB. All patients had mild to mod- 
erate preoperative left ventricular dysfunction 
(LVEF) (30-50%). 

The anaesthetic technique comprised a total dose 
of fentanyl 50 ug kg’ and midazolam 0.15 mg kg", 
supplemented with pancuronium and isoflurane. 
Radial arterial and pulmonary artery catheters 
(Abbott Laboratories, Mountainview, CA, USA) 
were inserted after induction of anaesthesia, as is 
usual in our institution. All pressures were measured 
with transducers referenced at the level of the right 
atrium. Cardiac index was determined via thermo- 


dilution. A transoesophageal multiplane ultrasound 
transducer (Omniplane Hewlett-Packard, SONOS 
1500, Andover, MA, USA) was placed at the level of 
the left ventricular short axis at the mid-papillary 
muscle level. End-diastolic (EDA) and end-systolic 
(ESA) area were measured, and fractional area of 
change (FAC) evaluated using automatic border 
detection. Haemodynamic-derived indices were cal- 
culated according to standard formulae. 

All patients were operated on by the same surgeon 
using the same technique. The distal coronary anas- 
tomoses were constructed under CPB with moderate 
hypothermia (bladder temperature 28°C) after appli- 
cation of the aortic cross-clamp. Tepid blood cardio- 
plegia (dilution: 1 part blood, 3 parts crystalloid) was 
infused via the aortic root and coronary sinus with 
repeated doses given via the aortic root every 
20-30 min. The proximal anastomoses were con- 
structed with a partial occlusion clamp during 
rewarming, with the heart beating spontaneously or 
electrically paced. 

Towards the end of CPB, patients received a load- 
ing dose of milrinone 50 pg kg’ (n=11) or normal 
saline solution (n=10) over 10 min into the bypass 
pump. Haemodynamic measurements and FAC were 
determined within 5 min after termination of CPB, 
30 min later and at the end of surgery. Dobutamine, 
at a starting dose of 5 ug kg’, was infused if cardiac 
index was <2.2 litre min” m° and pulmonary artery 
occlusion pressure >12 mm Hg, or if poor contractil- 
ity of the left ventricle was seen on transoesophageal 
echocardiography. The dose was increased at the dis- 
cretion of the anaesthetist until the desired haemody- 
namic effects were obtained or a maximum dose of 
10 pg kg’ min” was achieved. Further inotropes 
were administered as required. Phenylephrine 
40-80 ug i.v. was administered as required to main- 
tain mean arterial pressure >60 mm Hg as a result of 
alow SVR. 

Physical characteristics and comparison between 
bypass time and number of grafts were analysed with 
paired Student’s t test and Mann-Whitney tests. 
Measures were used to generate the haemodynamic 
and echocardiographic data between groups using 
one-way repeated measures ANOVA. Requirements 
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Single-dose milrinone and separation from CPB 


for dobutamine and phenylephrine were analysed by 
chi-square test. 

There were no significant differences between 
groups for incidence of congestive heart failure, med- 
ication or LVEF before operation. Intraoperative 
mean CPB time, aortic cross-clamp time, number of 
grafts, packed cell volume and ionized calcium were 
also similar. All patients achieved successful separation 
from CPB during the initial attempt. Dobutamine 
(mean dose 7 yg kg' min”) was required in eight 
patients in the placebo group compared with none in 
the milrinone group immediately after termination of 
CPB (P<0.05). At 30 min after CPB, three patients in 
the milrinone group required dobutamine (mean 
dose 5 ug kg“ min”). No further inotropic adjustment 
was necessary in any of these patients at the end of 
surgery. Haemodynamic data from both groups after 
CPB are shown in table 1. There was no difference in 
heart rate between groups; cardiac index and FAC 
were significantly higher, and SVRI was consistently 
lower in the milrinone group at all times. With mil- 
rinone, 5 of 11 patients required phénylephrine to 
maintain mean ‘arterial pressure >60 mm Hg com- 
pared with two of 10 patients in the placebo—dobuta- 
mine group (P<0.05).Time from termination of CPB 
to the end of surgery averaged 70 min in the milri- 
none group and 72 min in the placebo group. 


Comment 


Milrinone has been used for the treatment of low 
output syndrome caused by myocardial dysfunction 
after CPB. It is more potent than amrinone, and 
its use is not associated with thrombocytopenia. 
Pharmacokinetic data have shown that, unlike 
amrinone, when milrinone is administered before 
termination of bypass, no modifications in the 
loading dose for the added volume of the CPB 
circuit are necessary.’ Milrinone 50 pg kg", given 
10-20 min before the end of extracorporeal circula- 
tion, produces concentrations greater than 100 ng dI“ 
which are associated with an increased cardiac 
index.’ However, after a loading dose, serum concen- 
trations decline within 30 min; thus, in the presence 
of normal renal function, continuous infusion of 
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0.5 ug kg’ min” is recommended to maintain serum 
concentrations greater than 100 ng dl’.’ Our results 
confirm the experience of Butterworth and col- 
leagues who demonstrated improved haemodynamic 
state and lesser need for inotropes in patients receiv- 
ing amrinone compared with placebo at the end of 
CPB.’ We observed that administration of a single 
prophylactic loading dose of milrinone was associ- 
ated with significant improvement in haemodynamic 
state in addition to echocardiographic indices of 
systolic function, comparing favourably with those 
receiving dobutamine in the placebo group. 
Haemodynamic improvement was still present 
70 min after bypass. Phenylephrine was required 
more often in milrinone-treated patients (but with- 
out adverse effect). In our experience and that of oth- 
ers, phenylephrine is commonly used to treat 
excessive vasodilatation and is not associated with 
adverse effects. 

Milrinone improves cardiac function by increasing 
contractility and decreasing afterload.’ It also 
improves coronary blood flow and may improve 
recovery after myocardial stunning.‘ It is possible 
that while serum concentrations seem to correlate 
with the inotropic effects of the drug, effects on the 
systemic vasculature and myocardial blood flow after 
reperfusion may contribute to the more pronounced 
and sustained improvement seen in this group of 
patients, even after serum concentrations based on 
previous pharmacokinetic data might have declined 
to subtherapeutic levels. Separate analysis of the 
inotropic from the vasodilatory effects of inodilators 
is possible via determination of end-systolic and arte- 
rial elastance using pressure-volume loops;’ how- 
ever, this was not the objective of the study. Also, as 
suggested with amrinone, administration of milri- 
none may offer some protection from post-bypass 
ischaemia, which would result in long term improved 
performance.‘ 

In summary, we have shown that in patients with 
mild depression of systolic function before operation, 
administration of a loading dose of milrinone 
50 ug kg’ was associated with sustained haemody- 
namic improvement, in addition to increases in cardiac 
function that persisted until the end of surgery. 


Table 1 Haemodynamic data ın the milrinone and placebo groups (mean (seM)). CPB=Cardiopulmonary bypass; HR=heart rate; 
MAP=mean arterial pressure; MPAP=mean pulmonary artery pressure; PAOP=pulmonary artery occlusion pressure; CVP=central venous 
pressure; Cl=cardiac index; SVI=stroke volume index; SVRI=systemic vascular resistance index; PVRI=pulmonary vascular resistance 
index; LVSWI=left ventricular stroke work index; RVSWI=right ventricular stroke work index; FAC=fraction of area of change. P<0.05 
compared with placebo: *at the end of CPB; +30 min after CPB; and fend of surgery 








Milrinone Placebo 

Post-CPB CPB+30 min End of Surgery Post CPB CPB+30 min End of Surgery 
HR (beat min”) 96 (17) 100 (10) 102 (11) 102 (81) 10 (9) 99 (71) 
MAP (mm Hg) 68 (4)* 70 (8) 76 (4) 77 (4) 75 (8) 76 (6) 
MPAP (mm Hg) i 22 (6) 24 (6) 23 (4) 24 (3) 23 (3) 23 (3) 
PAOP (mm Hg) 12 (2)* 13 (3) 14 (2) 17 (2) 16 (2) 16 (2) 
CVP (mm Hg) , 14 (4) 12 (2) 13 (2) 13 (5) 14 (3) 12 (1) 
CI (litre min” m *) 3.4 (0.2)* 2.9 (0.3) 3.3 (0.2) 2.2 (0.3) 2.2 (0.1) 2.3 (0.1) 
SVI (mL beat m^ 31(4)* 29 (2) 33 (4)¢ 22 (3) 24 (3) 25 (2) 
SVRI(dynes sec’ m° cm”) 1398 (139)* 1754 (175) 1509 (153)$ 2293 (116) 2310(108) 2280 (60) 
PVRI(dynes sec’ m° cm”) 216 (25)* 232 (23) 217 (8) 263 (50) 248 (32) 251 (35) 
LVSWI(gm m` beat’ m”) 29(9)* . 24 0 30 (E 19 (2) 21 (2) 21 (2) 
RVSWI(gm m” beat’ m°) 9 (4)* 7 (4) 9 (4$ 4(1) 5 (1) 5 (1) 
FAC (%) 45 (5)* 40 (6)t 43 (3)$. 32 (1) 34 (1) 32 (1) 
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Effect of remifentanil on the auditory evoked response and 
haemodynamic changes after intubation and surgical incision 


R. R. MCGREGOR, L. G. ALLAN, R. M. SHARPE, C. THORNTON AND D. E. F. NEWTON 


Summary 


We have observed the effect of intubation and 
incision, as measured by the auditory evoked 
response (AER) and haemodynamic variables, in 
12 patients undergoing hernia repair or varicose 
vein surgery who received remifentanil as part of 
either an inhaled anaesthetic technique using 
isoflurane or as part of a total i.v. technique using 
propofol. Anaesthesia was induced with remifen- 
tanil 1 pg kg“ and propofol, neuromuscular block 
was achieved with atracurium 0.6 mg kg” before 
intubation, and anaesthesia was maintained with 
a continuous infusion of remifentanil in combina- 
tion with either a continuous infusion of propofol 
or inhaled isoflurane. The AER and haemo- 
dynamic variables were measured before and 
after intubation and incision. The effects of intu- 
bation and incision on the AER and haemody- 
namic variables were not significantly different 
between the remifentanil-propofo! and remifen- 
tanil-isoflurane groups. However, the study had 
a low power for this comparison. When the data 
for the two anaesthetic combinations were 
pooled, the only significant effects were 
increases in diastolic arterial pressure and heart 
rate immediately after intubation; these were not 
seen 5 min after intubation. There were no car- 
diovascular responses to incision. There were no 
significant changes in the AER after intubation or 
incision. (Br. J. Anaesth. 1998; 81: 785-786). 


Keywords: analgesics opioid, remifentanil; anaesthesia, 
depth; brain, evoked potentials; cardiovascular system, 
effects; intubation tracheal 


In this study, we have observed two different anaes- 
thetic techniques, each in combination with remifen- 
tanil. We assessed cortical and autonomic arousal by 
examining the auditory evoked response (AER) and 
haemodynamic changes in response to intubation 
and incision. The AER has been shown to be a useful 
monitor of depth of anaesthesia’; the amplitude of 
the early cortical waves of the AER has been shown 
to be a sensitive measure of anaesthetic concentra- 
tion and to respond to laryngoscopy’ and surgical 
stimulation.’ Therefore, the AER reflects the balance 
between CNS depression caused by anaesthetic 
drugs and arousal caused by surgical or other stimuli. 


Methods and results 


After obtaining approval from Harrow Research 
Ethics Committee and written informed consent, we 


studied 12 ASA I-I patients undergoing elective her- 
nia repair or varicose vein surgery. They were allocated 
randomly to receive maintenance anaesthesia with 
either remifentanil—isoflurane or remifentanil—propo- 
fol. None received premedication. All patients were 
given Hartmann’s solution 5 ml kg”, glycopyrrolate 
0.2 mg i.v., and the lungs were preoxygenated with 
100% oxygen for 3 min. A loading bolus dose of 
remifentanil 1 pg kg” was administered over 30-60 s, 
followed by infusion of remifentanil 0.5 ug kg’ min”. 
Propofol (mean 80 mg) was then administered by slow 
injection, 10 mg every 10 s, until loss of consciousness. 
After achieving neuromuscular block with atracurium 
0.6 mg kg“, the trachea was intubated. Those receiving 
inhaled isoflurane for maintenance of anaesthesia were 
administered 0.6% end-tdal isoflurane in an air~oxy- 
gen mixture. Those receiving propofol were given a 
continuous infusion of propofol 9 mg kg’ h`, reducing 
to 6 mg kg” h” after 10 min. The infusion of remifen- 
tanil was decreased to 0.25 pg kg’ min’, 5 min after 
intubation, and rectal diclofenac (100 mg) was admin- 
istered. Intraoperative surgical stress responses (e.g. 
hypertension or tachycardia) were controlled by 
adjustments of the propofol infusion or end-tidal 
isoflurane concentration and/or remifentanil infusion, 
as was hypotension. Persistent hypotension or brady- 
cardia was treated with ephedrine or glycopyrrolate. 

Details of the AER recording have been described 
previously.* The EEG was recorded from adhesive 
silver-silver chloride electrodes attached at the mas- 
toid and forehead. A rarefaction click stimulus was 
delivered at 6 s” to each ear simultaneously through 
close-fitting ear pieces at 75 dB above the average 
hearing threshold. Average AER waveforms corre- 
sponding to 2 min 40 s (1024 sweeps) before and 
after intubation and skin incision were derived. Pa 
and Nb amplitudes and latencies were measured 
from these waveforms. Haemodynamic measure- 
ments were obtained 1 min before and 1 and 5 min 
after intubation and incision. Analysis of variance 
was used to study differences between variables. 

The results from the 12 patients are summarized 
in table 1. There was no significant difference 
between the remifentanil—propofol group and the 
remifentanil—isoflurane groups for the AER or 
haemodynamic variables. Nb amplitude increased on 
intubation in the propofol group while it decreased in 
the isoflurane group (P=0.04). As this change was 
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Table 1 AER and haemodynamic variables (mean (95% confidence intervals)) at various times during the study. *P=0.035, {P=0.014, after 
vs before intubation SAP=Systolic arterial pressure; DAP=diastolic arterial pressure; HR=heart rate 


Pa amplitude Pa latency Nb amplitude 
UV) (ms) UY) 
1 min before 
intubation 0.43 (0.34-053) 36.2 (34.4-38.0) 0.31 (0.26-0.38) 
1 min after 
intubation 0.39 (0.32-0.49) 36.0 (34.2-37.8) 0.32 (0.26-0.38) 
1 min before 
incision 0.32 (0.26-0.40) 37.7 (35.9-39.6) 0.25 (0.21-0.31) 
1 min after 
incision 0.29 (0.24-0.36) 37.5 (35.7-39.4) 0.27 (0.22-0.33) 


not supported, as would be expected, by other 
related AER variables, we dismissed it as a chance 
finding. There was no significant difference in the use 
of rescue medication between groups. The data were 
pooled and we found that there was no overall 
response to laryngoscopy, intubation or incision, as 
measured by the AER. On intubation, the only signif- 
icant changes were increases in diastolic arterial pres- 
sure and heart rate. There were no haemodynamic 
changes associated with incision. 


Comment 


After induction of anaesthesia with remifentanil 1 ug 
kg’ and propofol (mean 80 mg), intubation pro- 
duced no significant change in the AER. In this study 
we were dependent on historical controls because it 
was not considered ethical to substitute either a 
placebo or nitrous oxide for remifentanil. Previous 
studies by our group have demonstrated increases in 
Pa amplitude of 53%, 36% and 60% in response to 
succinylcholine,’ laryngoscopy’ and intubation 
(Shinner G, Sharpe RM, Shannon C, Thornton C, 
Doré CJ, Brunner MD. Bolus doses of alfentanil 
prevent the rise in Pa amplitude associated with 
intubation in a dose-dependent fashion, personal 
communication). This study would have been sensi- 
tive enough to detect an increase in Pa amplitude, 
with intubation or incision, of 29% at the 5% signifi- 
cance level with a power of 80%. 

AER arousal is often accompanied by an auto- 
nomic response which may prove detrimental to 
patients with cardiovascular disease. Maintenance of 
anaesthesia with either propofol or isoflurane in com- 
bination with infusion of remifentanil also resulted in 
abolition of the AER response to surgical incision. 
The cardiovascular response to intubation and inci- 
sion was limited to an increase in diastolic arterial 
pressure and heart rate which was no longer present 
5 min after intubation. Other studies have reported 
attenuation or abolition of the cardiovascular 
response with this dose of remifentanil. In our study, 
we found heart rate and diastolic arterial pressure 
responses to intubation. The fact that no AER 


Nb latency SAP DAP AR 
(ms) (mm Hg) (mm Hg) (beat min™) 





56.5 (53.5-59.8) 91 (82-100) 49 (43-55) 61 (56-65) 


55.2 (52.2-58.4) 103 (93-112) 58(52-64)* 69 (64~73)t 


55.9 (52.9-59.0) 98 (88-107) 56 (50-62) 60 (55-65) 


56 6 (53.5-59.8) 96(87~105)  58(55-65) 62 (57-67) 


response was seen could indicate that the AER is a 

less sensitive measure of depth of anaesthesia com- 

pared with cardiovascular changes. However, it is 

more likely that these variables measure different - 
aspects of depth of anaesthesia. 

It is very difficult to determine equipotent concen- 
trations of inhalation or i.v. anaesthetics, such as 
isoflurane and propofol, and in particular in combi- 
nation with remifentanil. However, there was no sig- 
nificant difference between changes in any of the 
variables measured in the isoflurane group compared 
with the propofol group, with the concentrations 
used in this study. The study had low power for com- 
paring the remifentanil-isoflurane and remifen- 
tanil—propofol regimens because of the small number 
of subjects in each group (7=6). 

In summary, we conclude that remifentanil (bolus 
dose of 1 pg kg” followed by infusion) in combina- 
tion with either propofol 6 mg kg’ h” or 0.6% end- 
tidal isoflurane obtunded the early cortical effects of 
intubation and incision. 
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Vital capacity and tidal volume preoxygenation with a mouthpiece 


S. WINSHIP AND A, SKINNER 


Summary 

We have measured oxygen wash-in in 20 volun- 
teers undergoing preoxygenation with a face 
mask, mouthpiece alone and a mouthpiece with 
a noseclip, in a crossover study. Tidal volume 
breathing and maximal deep breath techniques 
were studied with each type of equipment. When 
tidal volume breathing was used, the face mask 
and mouthpiece with noseclip were comparable, 
but the mouthpiece alone achieved a lower end- 
expiratory oxygen concentration than the two 
other methods after 3 min (P<0.001 and P<0.01), 
and after 5 min (P<0.05 in each case). Conversely, 
during preoxygenation with vital capacity 
breaths, the mouthpiece and mouthpiece with 
noseclip were comparable, and both were more 
effective than the face mask (P<0.001). In a sec- 
ond study, 20 patients who had undergone pre- 
oxygenation before induction of anaesthesia 
were asked later if they would have preferred the 
face mask or mouthpiece for this procedure. 
Significantly more patients (14 of 18 who 
expressed a preference) favoured the mouth- 
piece (P<0.05; confidence limits 0.56-0.92). (Br. J. 
Anaesth. 1998; 81: 787-789). 


Keywords. anaesthetic techniques, preoxygenation; equip- 
ment, face mask; equipment, mouthpiece; measurement 
techniques, oxygraphy 


Arterial desaturation is common during induction of 
anaesthesia and can be prevented by preoxygenation.’ 
However, preoxygenation with a face mask is ineffi- 
cient unless it is applied firmly.” Some patients are 
afraid of firm application of the mask, ın some the 
mask fits poorly because of the shape of the face or 
dentition, and in others a mask cannot be applied 
because of facial burns or trauma. Thus it is important 
to offer an alternative. 

In this study, first, we investigated in volunteers the 
effectiveness of a nebulizer-type mouthpiece, with 
and without a noseclip, compared with a face mask, 
for vital capacity and tidal volume preoxygenation. 
Second, we asked if patients preferred a mouthpiece. 


Methods and results 


After obtaining approval from the Ethics Committee, 
we studied 20 healthy volunteers allocated sequen- 
tially to receive 100% oxygen from each of three 
types of breathing apparatus: face mask (East 
Healthcare), mouthpiece (Intersurgical) or a mouth- 
piece with a noseclip (Speedo) occluding the nares. 
The noseclip was also used with the face mask. Tidal 


volume breathing was used for 5 min, and vital 
capacity breathing for a total of 5 breaths. Oxygen 10 
litre min™ was given to each subject from a standard 
anaesthetic machine via a Mapleson A breathing sys- 
tem with a 4-litre reservoir bag. 

Using a Capnomac Ultima gas analyser (Datex 
Instrumentarium Corporation), calibrated between 
each set of measurements, inspiratory and expiratory 
oxygen and carbon dioxide concentrations were mea- 
sured from each subject’s oral cavity via a catheter 
which was held within a bite-block when the face mask 
was used, and within the mouthpiece when it was 
used, both lying 2.5 cm within the subject's mouth. 
Adequacy of oxygen supply was confirmed by achieve- 
ment of an inspiratory oxygen concentration of 100%, 
and adequacy of ventilation by a normal capnogram 
trace. Between each recording from the same subject, 
the lungs were allowed to equilibrate with room air. 

During tidal volume breathing, end-expiratory oxy- 
gen concentration (Fz’,) was recorded every 20 s 
during the 5 min of preoxygenation, enabling a wash- 
in curve to be drawn. During vital capacity breathing, 
Fe’,, was recorded at the end of each breath. 

As this was a cross-over study, each subject under- 
going preoxygenation using all six techniques, they 
acted as their own controls. A Kruskal-Wallis test 
was used to analyse Fr’, results between all three 
groups at 180 and 300 s of tidal volume breathing. 
The mouthpiece and mouthpiece with noseclip 
results were then independently compared with the 
face mask results using a Mann-Whitney U test. 
Data from the fourth and fifth vital capacity breaths 
were analysed in the same way. 

At 180 and at 300 s, Fe’, was similar using the 
face mask or mouthpiece with noseclip when tidal 
volume breathing was used. However, the results of 
the mouthpiece alone were significantly less 
(P<0.001 in both cases at 180 s; at 300 s, P<0.01 
compared with the face mask and P<0.05 compared 
with the mouthpiece and noseclip) (fig. 1). Thirteen 
of the subjects (designated subgroup A) achieved an 
Fe’,, concentration of 90% or above with the mouth- 
piece alone at some point during the study, while 
seven subjects (subgroup B) never achieved this con- 
centration. Application of the noseclip improved the , 
results of subgroup B, which were not significantly 
different from the face mask results of subgroup B. 
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Table 1 Mean (range) [sp] end-tidal oxygen concentration (%) at 3 and 5 min of tidal volume breathing, and at the fourth and fifth vital 
capacity breaths. For “all groups”, the mouthpiece and mouthpiece with noseclip were compared with the face mask. For “subgroup B”, 
who never achieved an Fe’, o, greater than 90% using the mouthpiece, the mouthpiece and mouthpiece with noseclip were compared with the 


face mask *P<0.05, **P<0.01 and ***P<0.001 











All groups Sub-group B 
Mouthpiece Mouthpiece 
Face mask Mouthpiece and nosechp Face mask Mouthpiece and noseclip 
3 mn 91.7 (86-94) 78.95 (44-95) 88.8 (62-96) 91.3 (85-95) 64.6 (38-89) 83.4 (65-94) 
[2.23] [16.22] [8.56] [3.4] [16.11]*** [11.03] 
5 min 91.4 (85-95) 70.3 (38-92) 89.3 (73-94) 90.7 (88-94) 60.1 (44-81) 87.4 (73-94) 
[2.95] (16.69]* [6.66] [1.97] [12.69] ** [7.18] 
Fourth vital 75 (56-86) 84 (76-92) 83 (72-92) 76 (64-84) 84 (77-89) 81 (72-89) 
capacity breath [8.41] [4.68]*** [5.73] *** [7.16] [4.64]* [5.59]* 
Fifth vital 76 (59-87) 87 (79-93) 86 (71-92) 76 (61-86) 86 (79-91) 83 (71-91) 
capacity breath [8.64] [4.26] *** [5.60] *** [8.80] [3.86] *** [6.37]* 
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Figure 1 Mean values for end-expiratory oxygen concentration 
during (0-300 s) and after (820-440 s) administration of 100% 
oxygen, using the three pieces of equipment for ndal volume 
preoxygenation. 


During preoxygenation with vital capacity breaths, 
the mouthpiece was significantly better than the face 
mask, whether or not the noseclip was used 
(P<0.001 at both the fourth and fifth breaths in both 
instances). Results from subgroup A and subgroup B 
during vital capacity breathing were similar, and both 
were significantly higher when using the mouthpiece 
compared with the face mask (P<0.01 and P<0.05, 
respectively, after the fourth vital capacity breath; 
P<0.001 and P<0.01, respectively, after the fifth vital 
capacity breath) (table 1). 

In the second part of the study, 20 patients who 
had undergone preoxygenation before uncompli- 
cated surgery within the preceding few days were 
shown a Magill breathing system with interchange- 
able black face mask and mouthpiece, and asked if 
they had any preference. The results were analysed 
using the binomial distribution of probabilities. Of 
the 20 patients (12 females), 14 preferred the mouth- 
piece, four the face mask and two had no preference. 
These results were significant (P<0.05, confidence 
levels 0.56-0.92). 


Comment 


Preoxygenation creates an oxygen reservoir within 
the patient’s lungs. Three and 5 min of tidal volume 
breathing have variously been recommended. Four 
maximal deep breaths cause a similar increase in 
arterial oxygen tension compared with former tech- 


niques,’ but provide less protection from apnoea.‘ 
Nonetheless, this technique still provided a consider- 
able “apnoea time” in all subjects and was less time- 
consuming and widely accepted. It is only in cases of 
anticipated difficult intubation or upper airway 
obstruction that 3 min of preoxygenation is consid- 
ered essential. End-tidal oxygen concentration corre- 
lates with alveolar partial pressure of oxygen,” and is 
well established as a measure of preoxygenation. 

Everatt and Ng recently investigated the mouth- 
piece for preoxygenation, although they studied its 
use only during tidal volume breathing.’ Our results 
confirm their findings that during tidal volume 
breathing, the face mask is more reliable than the 
mouthpiece alone. This is probably because of inad- 
vertent nasal breathing, as application of a noseclip 
improved FE’, There may also have been leaks 
around the mouthpiece if the lips were not firmly 
sealed around it. After the initial increase in Fr’, , the 
mean results recorded for the mouthpiece alone fluc- 
tuated, probably representing lapses in concentration 
on the part of some subjects, one-third of whom were 
unable to achieve an Fx’, of 90% or more. 

Conversely, the mouthpiece was more effective 
than the face mask for vital capacity preoxygenation. 
This was probably because of the mechanics of deep 
breathing. When taking a maximal inspiratory breath 
it is easier to breathe through the mouth, rather than 
through the nose, as it presents less resistance. There 
may be the tendency to purse one’s lips at the same 
time, improving the seal of the lips around the 
mouthpiece. The poor performance of the face mask 
during deep breathing is difficult to explain: it may 
be that the cheeks are sucked in by the negative inspi- 
ratory pressure, leading to leaks around the side of 
the mask. It is reassuring to note that volunteers in 
subgroup B who, during tidal volume breathing, 
required the noseclip to be used with the mouthpiece 
to render it effective, still showed significantly 
improved Fr’, values for the mouthpiece compared 
with the face mask during vital capacity breathing. 

In summary, for a vital capacity preoxygenation 
technique in volunteers, the mouthpiece was more 
effective than the face mask and, given the greater 
patient acceptance, it could be considered the tech- 
nique of choice. If a 3-min period of tidal volume 
breathing is to be used, the mouthpiece must be used 
with a noseclip, unless oxygraphy is available to 
demonstrate adequate oxygen wash-in. 


Mouthptece vs face mask for preaxygenation 
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Anaesthesia for Caesarean section in the presence of severe primary 


pulmonary hypertension 


R. O’Harg, C. Mc LouGHun, K. Muucan, D. MCNAMEE AND H. SIpHU 


Summary 

We describe the case of a pregnant woman, 35 
weeks’ gestation, with primary pulmonary 
hypertension and coarctation of the aorta requir- 
ing emergency Caesarean section under general 
anaesthesia. The patient had a pulmonary artery 
catheter inserted before operation which 
revealed pulmonary artery pressures in excess 
of 80/40 mm Hg. These were lowered using an 
infusion of glyceryl trinitrate. After delivery of 
the baby and administration of oxytocin, pul- 
monary artery pressures were more difficult to 
control. An infusion of prostacyclin was substi- 
tuted which stabilized pulmonary pressures. 
After operation, she was transferred to the inten- 
sive care unit where prostacyclin was adminis- 
tered by an “aerosolized” route. Her trachea was 
extubated after 48 h and she made an uneventful 
recovery. (Br. J. Anaesth. 1998; 81: 790-792). 


Keywords: complications, primary pulmonary hypertension; 
anaesthesia, obstetric 





Primary pulmonary hypertension is a rare condition 
and in association with pregnancy can result in high 
maternal mortality.' The literature on these patients 
is scant and inconclusive with regard to anaesthetic 
management.’ We describe our management of such 
a case, which was made more difficult by an associ- 
ated coarctation of the aorta and a possible diagnosis 
of asthma. 


Case report 


A 25~-yr-old multiparous woman presented to the 
anaesthetic department for an urgent Caesarean sec- 
tion with a diagnosis of severe primary pulmonary 
hypertension and associated mild coarctation of the 
aorta. Until the morning of surgery, the patient had 
not been seen by an anaesthetist. This was her third 
pregnancy, the previous two being essentially normal 
deliveries, apart from one episode of dyspnoea and 
wheezing during her second pregnancy which was 
treated with salbutamol inhaler. A diagnosis of 
asthma had been made. No further investigation of 
her “asthma” was undertaken at that stage. No diag- 
nosis of primary pulmonary hypertension had been 
made prior to this pregnancy. 

During this pregnancy the patient was noted to 
have a loud pansystolic murmur at the left sternal 
edge at a 28-week antenatal clinic. She was referred 
for cardiology consultation and underwent echocar- 
diography which revealed severe pulmonary hyper- 
tension and an associated coarctation of the aorta. 


Pulmonary artery pressures were in excess of 80/40 
mm Hg (normal 25/10 mm Hg) and the right ventri- 
cle was dilated and hypokinetic. Although initially 
asymptomatic, she was admitted at 35 weeks’ gesta- 
tion complaining of dyspnoea with a differential 
diagnosis of heart failure or pneumonia. She was 
treated with diuretics and after a significant diuresis 
her clinical condition improved. 

However, on the following day, she became tachy- 
cardic, tachypnoeic and on auscultation had general- 
ized rhonchi and basal crepitations. This was 
associated with a decreasing Sa, , despite added oxy- 
gen. A chest x-ray showed increased interstitial mark- 
ings. At this stage, cardiotocography tracings showed 
evidence of fetal distress and it was decided that, in 
the interest of mother and baby, urgent delivery 
should be effected. Induction of labour was consid- 
ered inappropriate and Caesarean section was 
planned. The patient was admitted to the high 
dependency unit where an arterial cannula and pul- 
monary artery flotation (PAF) catheter were inserted 
and her cardiac indices measured (table 1). 
Pulmonary artery pressures were extremely labile 
and fluctuated markedly with minimal stimulation, 
such as insertion of a peripheral cannula. An infusion 
of glyceryl trinitrate (GTN) was commenced at a 
rate of 50 mg h” via the PAF catheter and this was 
associated with a reduction in heart rate and pul- 
monary artery pressures, and some improvement in 
cardiac output (table 1). An infusion of epoprostenol 
(prostacyclin) was also prepared for use if required. 

We decided to proceed under general anaesthesia 
and the patient was taken to the operating theatre. 
After preoxygenation and application of cricoid pres- 
sure, anaesthesia was induced with alfentanil 1 mg, 
etomidate 16 mg and succinylcholine 100 mg. The 
trachea was intubated and the lungs ventilated with 


Table 1 Cardiac indices before and during infusion of glyceryl 
trinitrate (GTN) 





Before GTN Dunng GTN 
Heart rate (beat min”) 105 86 
Systemic AP (mm Hg) (mean) 127/60 (79) 129/70 (89) 
Pulmonary AP (mm Hg) (mean) 88/62 (71) 64/43 (50) 
SVR (dyn s "cm ”) 1464 1209 
PVR (dyn scm”) 600 177 
Cardiac output (litre min") 4.53 5.88 
Sao, (Fig =60%) 92% Not recorded 
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Table 2 Cardiac indices after delivery and during infusion of 
prostacyclin 


With 
After delivery prostacyclin 
Heart rate (beat min “) 105 86 
Systemic AP (mm Hg) (mean) 98/45 (63) 129/70 (90) 
Pulmonary artery AP (mm Hg) 
(mean) 96/52 (57) 58/32 (41) 

SVR (dyn s “cm *) 1032 1321 
PVR (dyn s ‘cm ”) 432 153 
Cardiac output (litre min”) 4.6 5.3 


isoflurane and 50% nitrous oxide in oxygen. 
Neuromuscular block was achieved with vecuro- 
nium. 

In the peroperative period, the GTN infusion was 
increased sequentially up to 100 mg h” to maintain 
pulmonary artery pressures close to pre-induction 
values. Initially, this was achieved without a dramatic 
effect on the systemic circulation. Central venous 
pressure was maintained at 10-14 mm Hg through- 
out the operation. After delivery of a healthy 3000-g 
baby, oxytocin 5 u. were administered slowly over 2 
min. It became increasing difficult to maintain con- 
trol of pulmonary artery pressures without adversely 
affecting systemic pressures and at one stage these 
were similar (systemic 98/45 mm Hg ws pulmonary 
96/52 mm Hg), despite adequate preload. The infu- 
sion of GTN was discontinued and an infusion of 
prostacyclin (epoprostenol) was started using the 
proximal lumen of the PAF catheter, at a rate of 2 ng 
kg’ min”, increasing slowly to 5 ng kg’ min”. This 
appeared to give selective control of pulmonary 
artery pressures while preserving other cardiac 
indices within acceptable limits (table 2). 

Surgery was completed uneventfully. After opera- 
tion, the patient was admitted to the intensive care 
‘unit where artificial ventilation was continued. 
Shortly afterwards, vaginal bleeding became prob- 
lematic which was thought to be secondary to infu- 
sion of prostacyclin. To avoid systemic effects, the 
route of administration of prostacyclin was changed: 
it was nebulized into the inspiratory limb of the ven- 
tilator (4 ml of concentrated epoprostenol (20 000 ng 
ml’) nebulized at a rate of 3 ml h’). The infusion of 
prostacyclin via the pulmonary catheter was gradu- 
ally reduced and eventually stopped as the effects of 
the aerosolized drug became established. Pulmonary 
artery pressures remained low and vaginal bleeding 
stopped. Nasogastric nifedipine 30 mg was adminis- 
tered and the prostacyclin reduced after 24 h. During 
the postoperative period, the patient was sedated 
using an infusion of propofol and received morphine 
infusion for analgesia. The trachea was extubated 
after 48 h and she had an uneventful post-partum 
period. 


Discussion 


Primary pulmonary hypertension is uncommon. It is 
a disease of unknown aetiology; the pulmonary vas- 
culature undergoes extensive remodelling, elevating 
pulmonary artery pressure and pulmonary vascular 
resistance. Primary pulmonary hypertension can 
occur at any age and in both sexes, but most com- 
monly affects women in young adulthood or middle 
age.’ While the literature on the management of non- 


pregnant patients with this condition is relatively 
extensive, information on the pregnant patient is 
scarce. The literature reports a mortality rate of 50% 
for vaginal delivery and approaching 100% for 
Caesarean section. 

In patients suffering from pulmonary hyperten- 
sion, cardiac output from the right ventricle is criti- 
cally dependent on filling pressure from the venous 
return and pulmonary pressure. It may be seriously 
impaired by minor stimuli causing increases in heart 
rate and pulmonary vascular resistance, or a decrease 
in venous return. Minor stimuli such as conversation, 
surgical discomfort or stress, although inconsequen- 
tial to healthy individuals, may have dramatic effects. 
The commonest fatal sequence of events described is 
a minor stimulus causing a tachycardia or an increase 
in pulmonary vascular resistance followed by col- 
lapse that is unresponsive to treatment. 

It is unclear if Caesarean section should be per- 
formed under epidural block or general anaesthesia. 
Roberts and Keast’ in their review of pulmonary 
hypertension in pregnancy, based on two previous 
cases and two cases in their own experience, reported 
that only one patient had survived Caesarean section 
and this was under general anaesthesia. Regional 
block may cause a reduction in venous return which 
impairs output from the right ventricle. Reflex tachy- 
cardia may also reduce cardiac contractility during 
local block. Alternatively, a general anaesthetic may 
produce serious and unpredictable reductions in pul- 
monary blood flow, especially in the presence of a 
failing right ventricle. 

Our patient presented to the anaesthetic team as 
an emergency on the morning of Caesarean section. 
She described no problems during this pregnancy 
and it was not until she was in extremis that she actu- 
ally sought medical assistance. This may be part of 
the explanation as to why the severity of her condi- 
tion was not realized until this late stage. Earlier pre- 
sentation would have allowed a joint approach 
between the obstetric, cardiology and anaesthetic 
teams and we may have managed the anaesthetic dif- 
ferently. In that situation, we would have encouraged 
vaginal delivery under regional block, as described by 
Smedstad, Cramb and Morison.’ They describe the 
management of eight cases of pulmonary hyperten- 
sion, seven of whom had the benefit of a joint 
approach to management from early in pregnancy; 
all had vaginal deliveries and survived. The eighth 
case was a patient who was admitted as an emer- 
gency complaining of dyspnoea. This patient under- 
went general anaesthesia for Caesarean section and 
later died. 

We decided to perform a general anaesthetic as we 
felt more confident that we could maintain critical 
filling pressures to the right ventricle and be more 
likely to control increases in pulmonary vascular 
resistances associated with intubation or surgical 
stimulation. Our patient showed evidence that any 
anxiety had an effect on her pulmonary vasculature. 
Our decision was only marginally influenced by 
coarctation of the aorta, which we felt was of minor 
significance. 

The literature suggests that patients with pul- 
monary hypertension have an unpredictable 
response to the effects of vasoactive drugs.° Our 
patient was admitted to a high dependency unit 
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before operation and had invasive monitoring while 
an infusion of GTN was started at a low rate. This 
effectively reduced pulmonary pressures and pul- 
monary vascular resistance while increasing cardiac 
indices. GTN is an effective pulmonary dilator with 
lesser effects on the systemic vasculature. It has mini- 
mal effects on the fetus and uterine activity. These 
properties make it the agent of first choice. An alter- 
native agent may have been sodium nitroprusside, 
which would have been an effective pulmonary 
vasodilator but may have caused a more marked 
decrease in systemic pressures. The possible effects of 
its metabolite, cyanide, on the mother and fetus 
should also be considered. 

However, it is significant that after delivery of the 
infant and administration of a small dose of oxytocin, 
the response to GIN was less favourable and 
attempts at lowering pulmonary artery pressure were 
accompanied by unacceptable decreases in systemic 
arterial pressure. However, at this stage after delivery 
there are dramatic changes in fluid distribution and 
vascular resistance. We were unsure if this was an 
effect of oxytocin, changes in the vascular responsive- 
ness to GIN or normal physiological changes. 
Substitution with prostacyclin was successful in 
restoring cardiovascular variables and underlines 
the need to prepare alternative dilator drugs. 
Prostacyclin was not used previously as we were con- 
cerned about its adverse haematological effects on 
the fetus. Prostacyclin is a potent vasodilator of all 
vascular beds. It causes relaxation of vascular smooth 
muscle by binding to its G protein-coupled receptor, 
activating adenylate cyclase and increasing produc- 
tion of cAMP. It is also a potent inhibitor of platelet 
aggregation, by increasing intracellular concentra- 
tions of cAMP. It has mild uterine relaxant proper- 
ties. Prostacyclin has a short half-life in the 
circulation (2-3 min) and is hydrolysed rapidly at 
normal pH in the systemic circulation but not in its 
passage through the lungs. It has been used in inten- 
sive care in the management of primary and sec- 
ondary pulmonary hypertension to improve cardiac 
performance and systemic oxygen delivery.’ 

Our previous experience of prostacyclin in patients 
with acute respiratory distress syndrome suggested 
that an infusion via the pulmonary flotation catheter 
might be useful. One of the theories on the patho- 
physiology of pulmonary hypertension is a mismatch 
of thromboxane-prostacyclin ratios in the lung 
endothelium.* The prostacyclin infusion had the 
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desired effect, lowering pulmonary pressures and 
improving the cardiac indices. The postoperative 
bleeding which we encountered was assumed to be 
caused by the effects of prostacyclin on platelet 
aggregation. This is a short-lived effect, lasting 20-30 
min. By replacing it with “aerosolized” prostacyclin, 
pulmonary pressure was controlled with minimal 
systemic effects. 

Calcium antagonists were administered because 
they have been shown to increase survival of patients 
with pulmonary hypertension by 25%." In view of the 
anticipated difficulties with weaning from artificial 
ventilation and to minimize “stress”, the trachea was 
extubated on day 2 after operation while breathing 
spontaneously under sedation with propofol. 

The patient was reviewed by the obstetrician and 
cardiologist and had an uneventful postpartum 
period. At 12 weeks after delivery and contrary to the 
strongest medical advice, the patient represented to 
the obstetric team, pregnant and at 4 weeks’ gesta- 
tion. She had a termination of pregnancy in the inter- 
est of maternal well being. The patient is still alive but 
complains of shortness of breath at rest. 
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Inadvertent inhalation anaesthesia during surgery under retrobulbar 


eye block 


W. Q. SMITH 





Summary 

| describe a case of inadvertent inhalation anaes- 
thesia during surgery under retrobulbar anaes- 
thesia and its management. Some of the hazards 
of supplementary oxygen delivery during moni- 
tored anaesthetic care and the actions taken to 
prevent this mishap recurring are discussed. (Br. 
J. Anaesth. 1998; 81: 793-794). 


Keywords: anaesthetic techniques, regional, retrobulbar; 
complications, apnoea; surgery, ophthalmological 


Surgery under local anaesthesia is performed in many 
surgical disciplines and is common in ophthalmology. 
Despite the recent trend towards greater anaesthetic 
presence during this type of surgery, it still takes place 
in the absence of an anaesthetist. In these instances, it 
is recommended that an appropriately trained person, 
often the operating department assistant (ODA) or a 
theatre nurse, be present to monitor physiological 
variables such as arterial pressure, heart rate and oxy- 
gen saturation. I describe a case which underlines the 
constant dangers in an operating theatre environment 
when non-anaesthetic personnel are responsible for 
monitoring patients undergoing surgery under local 
anaesthesia in the absence of an anaesthetist. 


Case report 


An 83-yr-old woman presented for vitreoretinal 
surgery. The patient weighed 90 kg and was being 
treated for hypertension with slow release nifedipine 
10 mg twice daily but had no history of cardiac fail- 
ure or a cerebrovascular incident. Preoperative arter- 
ial pressure was 130/90 mm Hg, and heart rate was 
50 beat min” and irregular, but there were no signs of 
cardiac failure. An electrocardiogram showed atrial 
flutter with variable atrioventricular block, a ventric- 
ular rate of 40-50 beat min” with left ventricular 
hypertrophy, and a normal axis. Haemoglobin and 
electrolyte concentrations, and a chest radiograph 
were within normal limits. 

Having established i.v. access, a retrobulbar anaes- 
thetic was administered by the consultant ophthalmol- 
ogist using 0.75% bupivacaine 5 ml. After 15 min the 
patient’s neck and face were covered with surgical 
drapes and surgery commenced. A theatre nurse sat 
beside the patient holding her hand and maintaining 
verbal contact. Monitoring included a three-lead ECG 
and pulse oximeter probe. Supplementary oxygen 4 
litre min™ was delivered via a Bain’s breathing system 
attached to the anaesthetic machine and placed under- 


neath the drapes near the patients face. After a few 
minutes, verbal contact with the patient was lost and it 
was noticed that she had stopped breathing. The alarm 
was sounded and a consultant anaesthetist summoned 
from an adjacent theatre. The surgical drapes were 
removed and the airway supported. 

On arrival, the anaesthetist found an unresponsive 
apnoeic patient, not cyanosed, with a heart rate of 40 
beat min” and a weak pulse pressure. Oxygen was 
delivered by face mask via the same Bain’s breathing 
system with airway support and manual inflation of 
the lungs. Atropine 600 pg was administered i.v. 
which increased heart rate to 80 beat min’. A non- 
invasive arterial pressure reading of 180/90 mm Hg 
was obtained. Oxygen saturation remained greater 
than 96% throughout. The patient began to breathe 
spontaneously but remained unresponsive with bi- 
lateral dilated pupils. A strong smell of isoflurane was 
noticed by the anaesthetist who found that the isoflu- 
rane vaporizer on the anaesthetic machine was 
switched to 5%. On discontinuing isoflurane, the 
patient awoke quickly and responded appropriately. 
There were no abnormal cranial nerve signs, except 
for the operated eye whose pupil had been dilated 
before operation with mydriatics. 

Surgery was abandoned and the patient recovered 
normally. Subsequent follow-up revealed no abnor- 
malities and she was discharged uneventfully to 
return for successful surgery a week later under 
retrobulbar anaesthesia. 


Discussion 


Apnoea after retrobulbar anaesthesia has been 
reported; it usually occurs within 8 min of injection, 
although onset has been delayed for up to 40 min.'* 
Much is written about the contribution of technique, 
needle length and local anaesthetic concentration in 
producing brainstem anaesthesia as a cause of 
apnoea.” 

On the initial assessment, it seemed very likely that 
the patient had suffered inadvertent subarachnoid 
injection with central spread of local anaesthetic. 
This is described as having an incidence of approxi- 
mately 1 in 375.° However, the rapid and total recov- 
ery of the patient on removal of isoflurane, which is a 
potent cause of excessive sedation and possible 
apnoea, casts significant doubt on subarachnoid 
injection as the cause of this patient’s misadventure. 


WILLIAM QUENTIN SMITH, MB, CHB, DA, FCA(SA), Department of 
Anaesthesia, Sunderland Royal Hospital, Kayll Road, Sunderland, 
SR4 TTP. Accepted for publication: June 15, 1998. 
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During administration of local anaesthetic blocks, 
patients may receive sedation and supplementary i.v. 
analgesia which can cause apnoea.” Monitoring oxy- 
gen saturation as a detector of respiratory inade- 
quacy is widely accepted and advocated during 
surgery under local anaesthesia. In addition, the ben- 
efit of a dedicated nurse beside the patient maintain- 
ing verbal contact can result in very early detection of 
a problem, as demonstrated in this case. 

The potential hazards of supplementing the 
patient’s inspired oxygen concentration may not 
always be appreciated, especially when trained anaes- 
thetic staff are not present. An editorial on the dan- 
gers of supplementary oxygen highlighted the 
hazards of inadvertent barotrauma when delivering 
oxygen from hyperbaric sources inappropriately.’ 

This case highlights the additional consideration of 
the safety of the inspired gas mixture during surgery 
under local anaesthesia. It is the responsibility of the 
anaesthetist, if present, to ensure that hypoxic or 
unsafe mixtures of gas are not inadvertently delivered 
to the patient. Older anaesthetic machines are often 
devoid of modifications which prevent the delivery of 
hypoxic gas mixtures. Such modifications include 
oxygen—nitrous oxide rotameter chain linkages and 
pneumatic mixing valves which guarantee a mini- 
mum of 25-30% inspired oxygen concentration." 
Hypoxic guards deliver a constant minimum oxygen 
flow rate of 200 ml min™ which is almost equivalent 
to adult basal oxygen consumption. 

The anaesthetic machines.in this eye hospital have 
cage mounted vaporizers which eliminates simple 
vaporizer removal from the bar, as with Selectatec 
mounted vaporizers, as a solution to inadvertent 
administration of volatile agent. On removal from the 
vaporizers, careful connection of appropriate tube 
ends is required with cage mounted vaporizer sys- 
tems to ensure gas flow from the common gas outlet. 
Many anaesthetic machines still have carbon dioxide 
cylinders attached, creating the potential for inadver- 
tent delivery of dangerous concentrations of carbon 
dioxide to a patient. 

Clearly, human error resulted in failure to detect a 
vaporizer in the “on” position during supplementary 
oxygen delivery from the anaesthetic machine. It 
would not be reasonable to expect routine use of gas 
analysers by untrained personnel, which will detect 
the presence of volatile agent in inspired gas and 
hypoxic gas mixtures. 

The importance of monitored anaesthetic care 
during local anaesthetic procedures, even in the 
absence of patient sedation or supplementary analge- 
sia administration, is understated. It has been agreed 
by the Royal College of Anaesthetists and the College 
of Ophthalmologists that an anaesthetist is best 
suited for both administration of retrobulbar and 
peribulbar anaesthetics and intraoperative monitor- 
ing of the patient.’ This standard for intraoperative 
monitoring is supported by the Association of 
Anaesthetists” and must be the ideal to strive 
towards in all hospitals. However, some patients are 
operated on under local anaesthesia in the absence of 
an anaesthetist. Recognizing that this practice, albeit 
undesirable, is endorsed for minor surgery in oph- 
thalmology,’ an alternative measure has been devised 
to allow safe delivery of supplementary oxygen in this 
eye hospital. 
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Figure 1 The oxygen flowmeter attached to a sidebar on the 
anaesthetic machine, with direct connection to piped oxygen, 
safely bypassing the rotameter system on the anaesthetic machine. 


Bypassing the anaesthetic machine with an oxygen 
flowmeter directly connected to piped oxygen allows 
supplementary oxygen delivery to the patient via 
bubble tubing through either a conventional clear 
face mask or nasal cannulae. This has the advantage 
for non-anaesthetic personnel of avoiding the pitfalls 
in managing a rotameter system which delivers three 
or more gases, and has in-line vaporizers. In addition, 
there is no need for the use of an anaesthetic breath- 
ing system which may be incorrectly connected or 
faulty. By attaching the oxygen flowmeter to a bar on 
the side of the anaesthetic machine (fig. 1) it is not 
necessary to remove the anaesthetic machine permit- 
ting the use of integrated or attached anaesthetic 
monitors. It is simple and quick to modify the anaes- 
thetic machine safely after general anaesthesia for use 
during local anaesthesia. 

Surgery under local anaesthesia should ideally 
always be undertaken in the presence of an anaes- 
thetist. Use of an anaesthetic machine by personnel 
unfamiliar with it is potentially hazardous. 
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Autoclaving impairs the connector—tube bond of the laryngeal mask 


airway but not its airtightnessf} 


C. Preis, T. HARTMANN, I. PREIS, E. WILDLING AND H. GILLy 


Summary 

The general-purpose laryngeal mask airway 
(LMA) is re-usable when undamaged, and 
cleaned and autoclaved correctly. We had found 
weakening of the silicone adhesive that bonds 
the connector of the LMA to the tube. We report 
that repeated autoclaving damaged the adhesive 
such that the connector could be rotated in the 
tube after the 12th autoclave cycle in almost all 
of the LMA tested. The damage to the adhesive 
did not affect the airtightness of the junction, 
which appears to be maintained by the material 
properties of the connector and tube and by the 
shape of the join. (Br J. Anaesth. 1998; 81: 
795-796). 


Keywords: equipment, masks anaesthesia; airway, patency 


The LMA has gained worldwide acceptance as a 
re-usable general purpose airway.’ To determine the 
safety of the mask for re-use after cleaning and 
autoclaving, the anaesthetist must confirm the 
integrity of various parts of the mask in each of seven 
steps suggested by the manufacturer. The pass 
criterion of test 7, the focus of our study, is that the 
connector continues to “fit tightly into the outer end 
of the breathing tube and it should not be possible to 
pull it off”.? To decide if a mask should be used, one 
should probably read the instruction as “pull it 
straight out,” for reasons that are set forth in this 
article. 

The mask is delivered unsterilized with the con- 
nector bonded to the tube by a silicone adhesive. 
After Zavattaro’s letter on LMA failure,’ we followed 
his recommendation to twist the tube of the LMA 
while examining masks for material softening to 
avoid accidental spiral tears of the tube. In doing so 
we noticed that, in some masks, even those auto- 
claved only a few times, the connector was no longer 
bonded to the tube, that is we could rotate the con- 
nector in the breathing tube and then twist the con- 
nector away from it. The adhesive bond between the 
connector and the tube seemed impaired by repeated 
autoclaving. Thus we designed two tests to determine 
how many autoclave cycles the adhesive bond would 
withstand and if impairment of the connector—tube 
adhesive bond reduces the airtightness of the LMA. 


Materials and methods 


We investigated 62 LMA taken from the original 
package. Six of the 62 could not be evaluated 


because twisting showed that the adhesive bond was 
already impaired and the connectors were detachable 
from the tube at the time the LMA were taken from 
the original package. The remaining 56 LMA were 
sterilized according to the instructions of the manu- 
facturer’ using a standard autoclave (Autoclav/ 
Sterilisator ODELGA MJS04 WA#9589; Fa. KMB- 
ODELGA, Vienna, Austria; 121°C, 20 min). We 
autoclaved each LMA 15 times. To simulate clinical 
use, each was autoclaved at intervals of at least 24 h. 
After each autoclave cycle, we performed the seven 
mandated tests. 

To identify the point at which it becomes possible 
to rotate the connector in the tube, that is the point at 
which the adhesive bond has become impaired, we 
designed a mechanical test to exert a defined, repro- 
ducible torque on the connector—tube bond of the 56 
LMaA. A torque wrench pre-set to a maximum force 
of 1 Newton metre (Nm) (approximately the force 
that a pair of hands of normal strength could apply) 
was used to twist the connector 180° while the tube 
was held still. In the second test, the airtightness of 
the junction between the breathing tube and connec- 
tor was determined by an immersion trial: the tube of 
the LMA was blocked, immersed in water and con- 
nected to the hospital’s central oxygen supply for 
oxygen flow. The pressure at which the device leaked, 
that is the pressure at which bubbles were detected, 
was noted. As flow continued, the pressure measured 
in the system increased to 120 cm H,O. 


Results 


All evaluable 56 LMA passed tests 1—6 after each of 
the 15 autoclave cycles. With regard to test 7, 1t was 
not possible at any point in the autoclave cycle series 
to disconnect the connector from the tube by pulling 
it straight out. The torque wrench rotated the con- 
nector in the tube (i.e. rendered it detachable) in 52 
of the 56 LMA (93%). All size 3 (n=18) and size 4 
(n=14) LMA could be rotated after the third auto- 
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clave cycle and all size 5 (n=13) LMA after the 12th 
autoclave cycle. The connectors could be rotated in 
seven of 11 paediatric size LMA (sizes 1-2.5) after 
the 14th autoclave cycle. In four other paediatric 
LMA, the connector-tube bond remained immov- 
able even after 15 autoclave cycles (table 1). When 
the adhesive had failed, that is where it was possible 
to rotate the connector, we were able to twist the 
connector out of the tube. 

The junction between the connector and breathing 
tube remained airtight. No air leakage was detected 
up to a pressure of 120 cm H,O in any of the 56 
LMA tested. 


Discussion 


We know of no reports in the literature of patient 
harm following separation of an LMA connector 
from the tube. Separation may occur and is men- 
tioned in the manufacturer’s manual. Our results 
clearly showed that most connectors become detach- 
able after limited re-use of the mask and could be 
separated from the tube with a simple twisting 
motion. Anaesthetists need to be made aware of this, 
although loss of adhesion does not directly lead to 
detachment of the connector from the tube, and 
LMA with detachable connectors remain airtight. 
The continued tightness of fit is because of the shape 
of the connection and the materials of which the 
parts are made; however, these materials do not allow 
for a durable silicone-adhesive bond between the 
tube and connector, particularly in view of the tem- 
peratures associated with autoclaving (O. Seycek, 
Austrian Institute of Synthetics, Vienna, personal 
communication). 

In different tracheal tubes, only the reinforced 
models have glued connectors similar to those of the 
new LMA. Standard tracheal tubes have a removable 
15-mm connector which, in common with that of 
repeatedly autoclaved LMA, is not removable by 
pulling straight out, but is removable by twisting. 
Such tracheal tubes are often used with the patient in 
a prone or lateral position, or during ear, nose and 
throat surgery, when surgical drapes and the work of 
the surgeon make it more difficult for the anaes- 
thetist to monitor continuously the integrity of the 
airway. Similarly, LMA prototypes were constructed 
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Table 1 Number of LMA with adhesive remaining intact, by 
autoclave cycle and size 


LMA size 
Paediatric Adult 
cycles Sizel Size2 Size2.5 Size3 Size4 Sive5 


0 2 5 4 18 14 13 
I 2 5 3 13 12 13 
2 2 5 3 8 3 13 
3 1 5 3 0 0 13 
4 0 5 3 13 
5 5 3 12 
6 4 2 5 
7 4 2 3 
8 3 2 2 
9 3 2 1 
10 3 2 1 
11 3 2 1 
12 3 2 0 
13 3 2 

14 3 2 

15 3 1 


from conventional 10-mm tracheal tubes’ with a 
removable connector. During development and the 
preliminary trials of the LMA, neither loss of air- 
tightness nor inadvertent disconnection attributable 
to the removable connector was reported. 

We conclude that LMA are re-usable even with 
ineffective adhesive and even if the connector can be 
twisted out of the breathing tube, as long as it cannot 
be pulled straight out of the tube. This distinction is 
essential to the decision whether or not to discard or 
re-use a laryngeal mask airway. 
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Commentary 


Shapiro HM, Galindo A, Wyte SR, Harris AB. Rapid intraoperative reduction of intracranial 
pressure with thiopentone. British Journal of Anaesthesia 1973; 45: 1057-1062. 


Classically, clinicians tended to avoid the use of 
drugs which depress the central nervous system in 
patients with evident neurological dysfunction. 
Clearly, therefore, the deliberate administration of a 
barbiturate (thiopental) to a variety of patients with 
intracranial pathology, some of whom had marked 
increases in baseline intracranial pressure, was a sig- 
nificant departure from the norm. Fortunately, 
Shapiro and colleagues were able to demonstrate that 
bolus doses of thiopental 1.5-3.0 mg kg’ decreased 
intracranial hypertension and modified rapidly, 
acutely-induced increases in intracranial pressure in 
the peroperative period. In this way they, probably 
more than any other group, advanced a role for the 
barbiturates which has continued to the present time. 

In more recent times it became fashionable to 
debate the rationale of the measurement and manipu- 
lation of intracranial pressure and hence the value of 
seeking to decrease intracranial hypertension per se. 
Such discussion was not an issue at the time Shapiro 
and colleagues were undertaking this and other related 
studies. Intuitively, it seemed reasonable to conclude 
that evident intracranial hypertension was potentially 
dangerous in patients with established intracranial 
pathology’ and that acute increases, even if relatively 
brief, could be disadvantageous in those patients in 
whom intracranial compliance was reduced.” Quite 
simply, any increase in intracranial pressure to above 
the accepted upper limit of normal (25 mm Hg at that 
time) could be shown to decrease calculated cerebral 
perfusion pressure (in the absence of any compen- 
satory increase in mean arterial pressure) with the pos- 
sibility of an associated decrease in cerebral tissue 
blood flow and hence delivery of the required energy- 
generating substrates. In patients with neurological 
dysfunction, prevention of or, when possible, reversal 
of secondary brain damage was the ultimate goal: the 
control of respiratory variables, and of systemic and 
intracranial pressures, were the therapeutic challenges. 

Modulation of intracranial pressure was achieved 
in several centres by meticulous application of a thera- 
peutic regimen which included careful positioning of 
the head and neck, hyperventilation (facilitated by 
neuromuscular block), osmotherapy, prevention of 
hyperthermia, administration of corticosteroids and, 
if appropriate, drainage of cerebrospinal fluid. The 
introduction of barbiturate therapy was seen as an 
exciting, and potentially valuable, addition to the 
clinician’s armamentarium, The intervening years 
have seen the case against the use of corticosteroids 
(at least in the head-injured patient) supported, the 
role of hyperventilation re-assessed and the place of 
hypothermia (at least “mild” hypothermia) re-estab- 
lished. With time, the place of the barbiturates in the 


management of intractable intracranial hyperten- 
sion, and in the treatment of patients with focal 
ischaemia, has been clarified. 

In highlighting these issues it could be argued that I 
have strayed from the basis of the cited article as that 
dealt exclusively with the effects of mtraoperative 
administration of thiopental. However, I submit that 
this has been justified on two counts. First, it is likely 
that some of the patients had suffered from a head 
injury, although this is not stated explicitly. Second, I 
feel that to consider this 1973 article on its own robs it 
of much of its significance. In a subsequent article,’ 
the same group demonstrated that administration of a 
barbiturate (pentobarbital) decreased persistently 
increased intracranial pressure when given to patients 
with a head injury. In other words, when considered 
together, these two studies demonstrate the potential 
contribution of administration of a barbiturate to mod- 
ulation of intracranial pressure both in the operating 
theatre and in the intensive care arena. Clearly, these 
were not the first occasions in which a barbiturate had 
been given to modify intracranial pressure or dural ten- 
sion. However, I believe that they were the first to bring 
together the three fundamental issues which gave valid- 
ity to the investigations: accurate measurement of 
intracranial pressure, dehberate administration of the 
test agent in an attempt to decrease the increases in 
pressure and, very importantly, measurement of the 
induced changes in systemic arterial and calculated 
cerebral perfusion pressures. As such, this was a signifi- 
cant milestone in the management of patients with 
intracranial hypertension and in the possible part the 
barbiturates, or other drugs with similar properties, 
could play in patients with neurological dysfunction. 

In the concluding sentence of their 1973 article the 
authors state that: “The ...... properties of thiopen- 
tone suggest that it warrants ..... selective application 
in the control of intracranial hypertension”. I submit 
that this statement is as valid today as it was when 
published 25 yr ago. 


W. Fircu 
University Department of Anaesthesta 
Glasgow Royal Infirmary 
10 Alexandra Parade 
Glasgow G31 2ER 
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RAPID INTRAOPERATIVE REDUCTION OF INTRACRANIAL PRESSURE 
WITH THIOPENTONE 


H. M. SHAPIRO, A. GALINDO, S. R. WYTE AND A. B. Harris 


SUMMARY 


Thiopentone was administered in bolus doses (1.5-3.0 mg/kg) 26 times to 18 neuro- 
surgical patients undergoing craniotomy. Intracranial pressure and blood pressure 
responses to thiopentone were evaluated and the cerebral perfusion pressure calculated. 
Thiopentone given 21 times to treat chronic or acutely elevated intracranial pressure 
significantly reduced the mean pressure from 4041.5 to 22+1.4 mm Hg (+SD). 
During these 21 treatments the cerebral perfusion pressure increased in 15, remained 
stable in 2 and decreased in 3. With induction of anaesthesia in patients with normal 
pre-thiopentone pressures, the barbiturate produced no significant alteration in intra- 
cranial pressure and the cerebral perfusion pressure remained above 85 mm Hg despite 
moderate reductions in arterial pressure. Frequently the action of the short-acting barbi- 
turate in reducing intracranial pressure was transient, being limited, presumably, by 


redistribution of the drug. 


Certain anaesthetic agents, and some types of 
stimulation during operation cause rapid increased 
intracranial pressure in neurosurgical patients. 
Elevations of pressure may follow noxious stimuli 
such as laryngoscopy, intubation, application of a 
head clamp, skin incision (Shapiro et al, 1972b), or 
follow administration of certain anaesthetic agents 
(Jennett et al, 1969; Shapiro, Wyte and Harris, 
1972). Spontaneous increases of intracranial pressure 
have also been reported (Lundberg, 1960). These 
elevations may be sufficient to establish gradients of 
intracranial pressure leading to brain shifts (Fitch and 
McDowall, 1971), tissue compression and regional 
and/or total cerebral blood flow reduction (Zwetnow, 
1970). During anaesthesia, reduction of the inspired 
concentration of the volatile agent or the administra- 
tion of an osmotic dehydrating agent may not block 
or decrease a rapidly increasing intracranial pressure. 
Hyperventilation can, by decreasing the arterial car- 
bon dioxide tension, often rapidly reduce an eleva- 
ted pressure. Unfortunately, absolute control of the 
airway and ventilation is not always possible during 
anaesthetic induction. Ventricular cerebrospinal fluid 
removal can also rapidly lower intracranial pressure. 
However, this method is not always feasible and, 
when available, the ventricular catheter may become 
occluded when most needed. It is desirable, there- 
fore, to have an agent that can be injected intra- 
venously in order to obtain control when a sudden 
rise in intracranial tension occurs. 


Thiopentone increases cerebral vascular resis- 
tance, decreases cerebral blood flow and the cerebral 
metabolic rate (Pierce et al, 1962). Theoretically 
these properties might be used to produce a rapid 
reduction of acute intracranial hypertension caused 
by cerebrovascular dilatation and increased intra- 
cranial blood volume (Risberg, Lundberg and Ingvar, 
1969). We have evaluated the efficacy of thiopen- 
tone treatment for increased intracranial pressure in 
patients undergoing craniotomy under several types 
of anaesthetics. 


METHODS 


Intracranial pressure was continuously monitored in 
18 neurosurgical patients before and after the induc- 
tion of anaesthesia. The pressure was monitored 
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through an intraventricular cannula or via a 
19-gauge scalp-vein needle inserted into the dome 
of a valveless shunt prosthesis with its distal end 
occluded. The aetiology of the central nervous system 
lesion was tumour, subarachnoid haemorrhage, 
primary hydrocephalus, cerebral contusion, or non- 
space-occupying seizure focus. 

Arterial blood pressure was measured either with 
a brachial cuff or through a radial artery catheter. 
All measurements were performed with the patients 
supine. In 14 patients the arterial pressure as well 
as central venous pressure and end-tidal carbon 
dioxide concentration were continuously monitored. 
Pressures are reported as the arithmetic mean of the 
systolic and diastolic values. Cerebral perfusion 
pressures were determined by subtraction of the 
mean intracranial pressure from the mean arterial 
pressure. A change of more than 2 mm Hg 
(27 mm H,O) in intracranial pressure or calculated 
cerebral perfusion pressure was considered signifi- 
cant for the purposes of this report. 

Either no medication or atropine 0.3-0.5 mg was 
given 1 hour before induction of anaesthesia. The 
anaesthetic protocols were varied in order to com- 
pare a volatile anaesthetic’ technique with one avoid- 
ing the use of halothane. In patients 1 through 9 
anaesthesia was induced with thiopentone 
1.5-3.0 mg/kg and maintained with halothane, 
nitrous oxide 3 1./min and oxygen 2 1./min. Patients 
10 through 18 were given droperidol 100 pg/kg 
followed in 5 minutes by fentanyl 5-10 ng/kg and 
tubocurarine 0.35-0.45 mg/kg. This was followed 
by thiopentone 1.5-3.0 mg/kg and anaesthesia was 
maintained with nitrous oxide 3 1./min and oxygen 
2 L/min. Thiopentone induction data were not 
available for patients 16 and 18. 
` Thiopentone was given to treat an increase in 
intracranial pressure in three situations: (1) for 
induction of anaesthesia; (2) during a period of 
rapidly rising pressure; and (3) at an elevated pres- 
sure following a rapid rise. For the purpose of this 
report an increase in intracranial pressure is defined 
as an intracranial tension gain of 10 mm Hg or more 
in 60 seconds, A pressure reduction response attribu- 
ted to thiopentone was required to begin within 60 
seconds following a bolus dose of the barbiturate 
and to cause a decline of more than a 2 mm Hg in 
intracranial tension. This corresponds with the 
period of brain thiopentone uptake and time of 
greatest anaesthetic depth (Price, Dundee and 
Conner, 1957), The lowest pressure obtained within 
5 minutes of the administration of thiopentone is 


799 


BRITISH JOURNAL OF ANAESTHESIA 


reported. By this time the brain concentration of 
thiopentone has decreased by 50% (Price, Dundee 
and Conner, 1957). During this observation period 
the patients were breathing spontaneously prior to 
anaesthetic induction, or ventilation was controlled 
at a constant rate. Hyperventilation was not initiated 
during the period of thiopentone evaluation. 

An assignment to a response type based on the 
pre- and post-thiopentone intracranial pressure and 
cerebral perfusion pressure relationship was per- 
formed. Table I contains the definition of these 
relationships. Utilization of the cerebral pressure 
permits classification of the intracranial pressure 
response to a treatment relative to arterial pressure 
changes. The intracranial pressure was regarded as 
abnormally high if it exceeded 10 mm Hg, in 
accordance with Lundberg’s (1960) definition. 


RESULTS 
Thiopentone in bolus doses significantly (P<0.001) 
reduced the average intracranial pressure from 
40+1.5 mm Hg (+SD) to 22+1.4 mm Hg on 21 
occasions when given to 13 patients with chronically 
elevated intracranial pressures (induction studies) or 
during episodes of acute intraoperative intracranial 
hypertension. The example in figure 1 represents a 


























Fic. 1. Typical intracranial pressure reduction response 
to thiopentone during induction of anaesthesia. Event code 


as follows: 
A Oxygen by facepiece G Tubocurarine 12 mg 
B Fentanyl 0.05 mg H Tubocurarine 6 mg 
C Fentanyl 0.05 mg fol- I Pao, 480, Paoo, 26 
lowed by tubocurarine mm Hg 
3 mg J_ Laryngoscop 
D yoo 0.05 mg K Intubation ‘complete 
E Tubocurarine 12 mg SAP = systemic arterial 
F Thiopentone 300 © mg pressure 
(intracranial pressure CVP=central venous pres- 


trace exceeded calibra- 
ted scale and abruptly 
dropped after barbi- 
turate administration) 


sure 

ICP=intracranial pressure 

Time in minutes noted 
below SAF trace. 
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typical example of the response to thiopentone 
following an abrupt rise in pressure during induction 
of anaesthesia with droperidol and fentanyl. Table I 
gives the intracranial, arterial and calculated cerebral 
perfusion pressure values after a rapid intravenous 
dose of thiopentone. 


Taste I. Changes in mean intracranial, arterial and 
cerebral perfusion pressures before and after administration of 





thiopentone.* 
Intracranial Arterial Cerebral 
pressure pressure perfusion 
—_—_—— m pressure Response 
Before After Before After change type 
INDUCTION 
la 2 2 121 100 —21 IV 
2 8 7 162 158 —3 IV 
3 14 13 124 122 —1 VI 
4 6 5 160 138 —21 IV 
5 7 6 150 98 —51 IV 
6 9 6 122 103 —16 III 
7 22 12 88 72 —6 III 
8 34. 20 120 55 —51 III 
9a 14 13 66 68 +3 Vv 
10a 46 18 102 95 +21 I 
ll 50 20 100 88 +19 I 
12a 50 36 95 93 +12 I 
13 40 25 95 90 +10 I 
INTRAOPERATIVE 
lb 24 8 178 125 —37 Ill 
ic 25 16 102 105 +12 I 
ld 39 33 108 101 —1 II 
9b 38 18 68 72 +24 I 
10b 44 16 95 90 +46 I 
12b 50 40 88 86 +8 I 
12c 64 45 90 88 +17 I 
14 46 30 80 62 —2 II 
15 11 5 80 92 +18 I 
16 62 40 83 88 +27 I 
1 38 15 104 112 +31 I 
. 17 61 10 85 91 +57 I 

18 40 16 100 90 +14 I 


*Eighteen patients were evaluated; some during more than 
one episode of intracranial hypertension. 


Considering all thiopentone treatments given to 
patients with abnormally elevated intracranial 
pressure (<10 mm Hg), we found that the pressure 
declined in 19 of 21 (95%) drug trials (table I). In 
14 of these 21 trials (70%) the calculated cerebral 
perfusion pressure increased, in some instances from 
below to over 50 mm Hg. It fell in 15% of treated 
patients with high intracranial pressure, and all 5 
patients with normal preanaesthetic intracranial 
tension. The perfusion pressure for all treated 
patients remained at 60 mm Hg or more, except for 
one patient, in whom it decreased to 35 mm Hg due 
to arterial hypotension. 
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Taste II. Distribution of intracranial and cerebral perfusion 
pressure responses to thiopentone injection in with 
preoperatively elevated and normal intracramal pressures. 








ICP ICP <10 

Response mmHg mmHg 
type ICP CPP (n=21) (n=5) 

I 4 (P <0.001) 4 (P <0.001) 14 0 
Il 4 ~= 2 0 
III 4 4 3* 1 
IV — + 0 4%* 
Vv — + 1 0 
VI — — 1 0 





Number of patients in each class are noted. Bracketed 
values indicate the results of the matched pair t-test applied 


* to class I responses only. Significance relates to the direction 


of change of each variable from pretreatment values. 
Sauna tests in the other groups were omitted because of 
e small n. 


*CPP below 50 mm Hg in one patient, above 60 mm Hg in 
other three, 


**CPP above 85 mm Hg in all cases. 


In patients with normal preoperative intracranial 
tension (<10 mm Hg), thiopentone had its greatest 
effect on arterial pressure, and, therefore, on cerebral 
perfusion pressure, and had little influence on intra- 
cranial pressure. These changes were noted during 
the induction of anaesthesia (fig. 2, right lower 
cluster of arrows, excluding response 3) and 
represent type HI or IV responses. In no instance 
did the perfusion pressure fall below 90 mm Hg in 
these patients. Figure 2 also illustrates the efficacy 
of thiopentone in reducing an abnormally elevated 
intracranial pressure existing before anaesthesia (left 
upper cluster). There were four responses (fig. 2) 
leading to a reduction in intracranial pressure with 
improvement in the perfusion pressure in patients 
with high intracranial pressure as determined by 
preoperative measurement. 

Thiopentone administered after the onset of an 
acute intracranial pressure wave caused by intra- 
operative noxious stimuli or inhalation of halothane 
quickly diminished the pressure (fig. 3). The 
cerebral perfusion pressure was frequently much 
improved by these treatments. 

When thiopentone was given to control elevated 
intracranial pressure caused by halothane, the dura- 
tion of the pressure reduction was transient, lasting 
only from 3 to 7 minutes. Supplementary thiopen- 
tone administration could maintain a reduced pres- 
sure in this situation, as the inspired concentration 
of halothane remained constant. The reduction in in- 
tracranial pressure achieved with thiopentone after- 


INDUCTION 


ICP (mm Hg) 


CPP (mm Hg) 


INTRAOPERATIVE 


78 ` mA 


ICP (mm Hg) 


CPP (mm Hg) 


intraoperative mechanical stimulation was longer last- 
ing. Thiopentone never increased the intracranial 
pressure and there was no abrupt change in the cen- 
tral venous pressure or end-tidal carbon dioxide con- 
centration consequent upon its administration. When 
intermittently sampled, the arterial carbon dioxide 
tension ranged between 23 and 32 mm Hg during 
controlled ventilation. The anaesthetic technique did 
not appear to alter the intracranial pressure response 
to thiopentone. 


DISCUSSION 


Continuous monitoring of intracranial pressure 
during anaesthesia in neurosurgical patients provides 
an improved basis for testing therapeutic manoeuvres 
directed at the maintenance of intracranial homeo- 
stasis. Monitoring of the arterial pressure, pulse rate, 
and respiration is not sufficient to estimate the 
degree of cerebral circulatory impairment during 
stressful events, nor does it enable an assessment to 
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Fic, 2. Relationship of the ICP 
to CPP before and after the 
induction of anaesthesia with 
thiopentone. In this and the 
following figure the tail of the 
arrow indicates the prevailing 
ICP-CPP relationship prior to 
thiopentone administranon and 
the head of the arrow represents 
the post-treatment values. The 
shaded area indicates the critical 
cerebral blood flow range 
wherein autoregulation fails. 


Fig, 3. Relationship of the ICP 
to CPP during or after a rapid 
increase in the ICP due to intra- 
operative stimuli (solid lines) or 
halothane (dashed lines) and 
after treatment with thiopentone. 


be made of the magnitude of intracranial pressure 
gradients (Heilbrun, Balslev and Boysen, 1972). 
Since a generally parallel relationship between cere- 
bral blood flow and cerebral perfusion pressure 
exists when the perfusion pressure falls below 30 to 
50 mm Hg (Heilbrun, Balslev and Boysen, 1972; 
Zwemow, 1970), measurement of the intracranial 
and arterial pressures can provide information 
relating to cerebral blood flow. A perfusion pressure 
below 50 mm Hg may be a warning of present or 
impending cerebral circulatory impairment, and 
regional perfusion pressures (about a mass lesion) 
could be even more dangerously reduced. 

In 1937 Horsley found minor reductions in lum- 
bar cerebrospinal fluid pressure during barbitone 
narcosis in 100 normal volunteers. Shortly thereafter 
this observation was confined by Gurdjian, Webster 
and Sprunk, (1939). They also noted that pento- 
barbitone did not increase spinal fluid pressure when 
used for sedation in restless head injured patients 
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in the absence of airway obstruction. Sgndergard 
(1961) measured intracranial pressure during 
general anaesthesia in eight neurosurgical patients 
and observed reductions in intracranial tension dur- 
ing induction of anaesthesia with thiopentone or 
pentobarbitone (S¢ndergard, 1961). Hunter (1972) 
has advocated the use of thiopentone supplemented 
anaesthesia (continuous intravenous infusion) for 
neurosurgery. He observed the curvature of the 
dural surface and reported “excellent” to “good” 
dural relaxation in a high percentage of his patients. 
In a preliminary report, we noted the ability of 
thiopentone to reduce acutely elevated intracranial 
pressure during operation (Shapiro et al., 1972a). 
Intracranial hypertension caused by ketamine can 
also be reversed by thiopentone injection (Shapiro, 
Wyte and Harris, 1972). 

Our present study confirms the ability of thiopen- 
tone to reduce chronically (induction responses) and 
acutely elevated intracranial pressure. Therefore, 
thicpentone treatment may abort incipient intra- 
cranial tissue herniation due to a rapidly expanding 
intracranial blood volume. Additionally, we found 
that this short-acting barbiturate frequently improved 
the cerebral perfusion pressure gradient and could 
quickly antagonize acute rises of intracranial pressure 
caused by halothane administration. 

Although thiopentone reduces cerebral blood flow 
in normal persons (Pierce et al., 1962), it could, 
potentially, improve regional or total cerebral per- 
fusion in cases of acutely elevated intracranial pres- 
sure due to cerebrovasodilatation and augmentation 
of cerebral blood volume. In this situation, constric- 
tion of the cerebral vessels by thiopentone could 
reduce the intracranial blood volume (a high volume 
may be stagnant and not represent flow) and intra- 
cranial pressure. Then the resistance to flow exerted 
by the thiopentone-constricted vessels might be. less 
than that due to the high intracranial pressure, and 
cerebral blood flow could increase. There are no 
studies confirming this -concept. 

The transient nature of the reduction in intra- 
cranial pressure, obtained with thiopentone, given 
to control pressure increases caused by halothane 
and ketamine is probably explained by the rapid 
reduction in cerebral thiopentone levels after injection 
of a bolus dose (Price, Dundee and Conner, 1957), as 
well as by the continued cerebrovasodilator effects of 
the anaesthetic agents studied. More prolonged intra- 
cranial pressure decreases with thiopentone appear 
possible if the maximal stimuli increasing the pres- 
gure are transient, such as tracheal intubation or inci- 


British Journal of Anaesthesia 
1061 


sion of the skin. Maintenance of a reduced pressure 
after treatment of acute intracranial hypertension with 
thiopentone may possibly be achieved with hyper- 
ventilation. The increased cerebrovascular resistance 
caused by reduced arterial carbon dioxide tension 
(Reivich, 1964) may supplement further thiopentone 
treatments. The effect of a combined thiopentone- 
hypocapnic treatment on intracranial pressure was not 
evaluated in this study, except insofar as the arterial 
carbon dioxide tension was generally below normal. 
Finally, reduction of the cerebral metabolic rate by 
thiopentone may offer some protection against cere- 
bral ischaemia (Nilsson, 1971) caused by high intra- 
cranial pressures. The metabolic and cerebrovaso- 
active properties of thiopentone suggest that it war- 
rants further selective application in the control of 
intracranial hypertension. 
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CORRESPONDENCE 


SIMPLE AND RBLIABLE METHOD OF INSERTING A 
NASOGASTRIC TUBE DURING ANAESTHESIA 


Sir,—The communications of Matsuki and Zsigmond 
(Brit. Ff. Anaesth. (1972); 44, 610) and Wedley (Brit. F. 
Anaesth. (1972), 44, 1117) on the insertion of a nasogastric 
tube during anaesthesia are timely and the methods sug- 
gested helpful. So is the communication of Virtue (Brit. Y. 
Anaesth. (1973), 45, 234) which suggests a method for 
insertion of a nasogastric tube for those not musically 
inclined or equipped with guitar strmgs. However, I 
would like to suggest a further simplification of the 
method given by Dr Virtue. There is no need to slit any 
portion of the lesser curvature of a non-cuffed tracheal 
tube. The nasogastric tube to be passed is well lubricated 
and inserted into the tracheal tube till the distal end of the 
former is flush with the bevel of the tracheal tube or just 
inside it. The two are held together at the non-bevelled 
end of the tube. The distal portion of thd tracheal tube 
is well lubricated and inserted through the nose into the 
oesophagus. The nasogastric tube is then threaded in till 
it reaches the stomach when the tracheal tube is threaded 
out. 

A difficulty in the method ‘suggested by Dr Virtue is 
that sometimes after passing the tracheal tube, the sub- 
sequent passage of the nasogastric tube may not be easy. 

R. K. MIRARHUR 


Chandigarh, India 


THB EFFECTS OF ANAESTHETICS ON 
SPLANCHNIC CIRCULATION 


Sir, —The article by L. H. Cooperman (Brit. 7. Anaesth. 
(1972), 44, 967) stimulates me to set forth several con- 
siderations derived mainly from animal experiments. 

It is doubtful whether it is justifiable to discuss the 
question of changes in the hepatic circulation under the 
influence of anaesthetics by considering the total hepatic 
blood flow only, without taking into account the separate 
proportion of arterial and portal pathways. 

My experimental investigations with direct measure- 
ment of hepatic blood outflow volume, and also with con- 
trast X-ray angiocinematography, showed that halothane 


and ether decrease total hepatic blood flow to 60% of the 
initial values and reduce portal blood flow from 32,8 oa 
to 14.141.8 ml/min/100 g of liver othane) or 
37.6+4.0 to 13.4+1.0 ml/min/100 g (ether). A the same 
time the hepatic arterial blood flow increased by 30% in 
the case of halothane (from 7.940.6 to 10.341.1 
ml/min/100 g), and by 59% with ether (from 8.7+0.6 
to 13.8+1.1 ml/min/100 g). 

Thus, the share of arterial flow in the total liver blood 
supply increases by more than twice, It is evident that, 
in conditions of anaesthesia leading to a decrease of hepatic 
blood flow, oxygenation of hepatic tissue is carried out 
by a marked arterialization of hepatic sinusoid blood. This 
reaction apparently contributes to the preservation of 
hepatocyte viability, but it is carried out to the detriment 
of other splanchnic system organs, which suffer circulatory 
h xia. 

t is interesting to note that ganglionic blockade with 
pendiomid, reducing arterial pressure from 135+4.7 to 
10863 mm Hg, considerably increased hepatic artery 
flow (from 8.1+0.4 to \46n12 ml/min/100 g), 
and to a lesser degree the portal vein blood flow (fram 
36.141.7 to 42.840.8 mi/min/100 g). A more pronounced 
decrease of arterial pressure leads, pri y, to a fall in 
portal venous flow, while a reduction i in the arterial blood 
ag is observed only when arterial pressure is less than 
65-70 mm Hg. 

The question whether it is possible to correct hepatic 
circulation disturbances during anaesthesia is important in 
practice. Dr Cooperman writes about only one of the 
possibilities, the increase in total hepatic blood flow with 
ganglionic blockade with a background of cyclopropane 
anaesthesia. We obtained similar results during ether 
anaesthesia. Also, the administration of oxygen into the 
lumen of the gastrointestinal tract, in 14 patients during 
abdominal operations, led to an increase in oxygen satura- 
tion of the portal vein blood from 55+7.2 to 804+6.2% 
and was accompanied by a decrease in the portocaval 
gradient from 74+12.5 to 3848.7 mm H,O. Experiment- 
ally, this method increased liver oxygen tension and l 
blood flow twofold, by decreasing vessel resistance in the 
liver region of the portal bed. 


S. I. Gaiman 
Leningrad, U.S.S.R. 
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Impact of opening a high dependency unit on the 
relative cost of living on intensive care 


J. M. ALEXANDER- WILLIAMS AND P. Spiers 
Leicester General Hospual, Gwendolen Rd, Leicester LES 4PW 


The role of a high dependency umt (HDU) is to provide an envi- 
ronment within the hospital where patients are offered a standard 
of care between the general ward and the intensive care unit 
ACU). HDU patients are far less likely than ICU patents to 
require costly mulu-organ support. 

Towards the end of 1997 we received funding to open a four- 
bed high dependency unit. We opted to closely audit the impact of 
this on the cost of patient treatment on the intensive care unit. In 
group 1, we studied consecutive patients admitted to intensive 
care for 8 weeks before the opening of the HDU; group 2 com- 
prised consecutive patients admitted to the ICU after the opening 
of the HDU 

Length of stay (LOS), admission APACHE H score, TISS score 
and outcome were collected for all patients. Daily TISS scores fol- 
lowed a normal distribution; all other data were analysed using 
non-parametric statistics (table 1). In 1986, Sage, Rosenthal and 
Silverman examined a subgroup of mtensive care patients and 
found that the cost of dying was twice the cost of living; this has 
been reported by other authors.” We examined our entire intensive 
care populanon and confirmed this immediately before the openmg 
of the HDU. Immediately after opening the HDU, mean TISS 
score of survivors in the ICU increased. IfTISS reflects costs,‘ the 
cost of living now appeared to equal the cost of dying. 

The cost of death remained the same after the opening of our 
HDU and efforts still need to be aimed at identifying those 
patients who are certain to dre. We feel that rather than bemoaning 
the futility and expense of intensive care, we should appreciate that 
more than 75% of these expensive patients go on to survive. 
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Immediate impact of opening a high dependency 
unit on intensive care workload 


O. OWEN-SMITH, A. J. Fox, H. THOMPSON AND P. Sprers 
Department of Anaesthesia, Leicester General Hospital, Gwendolen Rd, 
Leicester, LES 4PW 


Availabilty ın the high dependency unit (HDU) may reduce the 
number of premature discharges from the intensive care unit ICU) 
to a ward, with the resultant large step down ın the level of care.’ 
Conversely, lack of HDU beds may mean that patients stay in the 
ICU longer than necessary.’ Having previously audited the occu- 
pancy of our ICU, we now present results from a similar audit, 
which began on the day a new HDU was opened. We discuss the 
impact of HDU on the efficiency of use of intensive care resources. 
Methods of calculating ICU occupancy are not consistent, making 
comparison between units difficult Some methods even result in 
occupancy figures of more than 100%. By using four different meth- 
ods ın our previous audit, we concluded that only hourly occupancy 
(Le. number of patient-hours as a percentage of available bed-hours) 
gives a realistic result and, therefore, this is the method used here. 
During each 8-week audit period, forms were completed daily 
based on the previous 24 h. Admussion/discharge times were noted 
for hourly occupancy calculanons. We used NHS Executive guide- 
hnes to define each panent as ICU or HDU status for each day of 
their admission, together with daily APACHE II and TISS scores 
(table 2). From 6 (+1) ICU beds, we now have 6 ICU and 4 HDU 
beds. We are able to have up to eight patients in the ICU by closing 
the HDU. Analysis of APACHE II and TISS scores confirmed that 
using NHS Executive guidelines to define patients as ICU or 
HDU status resulted in two distinct populations (P<0.0001). 
Using the methodology of our studies, we have safely diverted 
funds from the ICU to the HDU The number of re-admussions to 
the ICU or HDU has fallen from 5 (of 60 discharged) to 0 (of 66 
discharged) since the HDU opened. This significant decrease 


Table 2 Hourly occupancy (number of patient-hours as a 
percentage of available bed-hours) in the intensive care ITC) and 
high dependency (HDU) units 





Hourly occupancy (%) 

ICU status HDU status Total 
ICU Ist audit 63.7 21.6 85 3 
ICU 2nd audit 734 11.2 84.6 
HDU 0 50.4 50.4 





Table 1 Length of stay (LOS), and APACHE and TISS scores ın survivors and non-survivors, before 
and after the opening of the high dependency unit (HDU) (mean (sgM) or median (range)). *P=0.013 


Before HDU Survivors 62 
Non-survivors 16 
After HDU Survivors 39 
Non-survivors 14 


TISS APACHE LOS (days) 
109.7 (20.5)* 12 (4-29) 1 (1-30) 
242.8 (66.8)* 32 (18-40) 1.5 (1-19) 
221.7 (52.8) 14 (4-30) 2 (1-33) 
230.5 (52.3) 21 (10-48) 4.5 (1-25) 
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(P<0.05) supports the prediction that premature discharges would 
decrease. Occupancy of the ICU by HDU patents has halved but 
would be difficult to reduce further. Al ICU survivors become 
HDU status for a period before leaving, and HDU patients requir- 
ing a side room (e.g. MRSA positive) have to stay in the ICU. Also, 
at times, the ICU can act as an overflow for the HDU if beds are 
available. Our HDU is adjacent to but separate from the ICU. 
While there is some flexibility in our use of the ICU and HDU 
beds, we suggest that a self-contained critical care umt would be 
even more efficient for the seamless care of patients. HDU hourly 
occupancy will always be lower than that in the ICU because of the 
faster turnover and, therefore, increased time that beds are empty. 
However, the low use revealed in our audit may reflect slow change 
in practice of surgeons, physicians and anaesthetists. We are aware 
that some patients electively booked into an ICU bed could have 
been re-directed to the HDU before leaving theatre if the possibil- 
ity had been considered. 
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Secondary transport of critically ill obstetric 
patients 


J. Ducum, N. STOREY AND A. BINNING 
Chmcal Shock Study Group, Western Infirmary, Glasgow G11 6NT 


Less than 1% of pregnant women ulumately require admission to 
an intensive care unit (CU), but the need for admission may be 
unpredictable.’ The majority of obstetric ICU admissions result 
from hypertensive disorders or haemorrhage. These problems 
accounted for 25 deaths in ICU ın the latest Confidential Enquiry 
mto Maternal Deaths.’ 

The Clinical Shock Study Group (CSSG) is based in Glasgow 
and provides a service for secondary transport of critically ill 
patients within the West of Scotland. We reviewed our obstetric 
transfers over the period 1992 to mid-1997. 

Sixty-two patients were identified from CSSG records as being 
transferred from an obstetric unit to the ICU. The ICU notes for 
these transfers were consulted. Length of stay in the ICU for each 
patient was recorded and the severity of illness calculated using the 
APACHE II scoring system.’ Forty-eight panents had either 
haemorrhage or hypertensive disorders, while the other 14 had a 
variety of problems, including pulmonary embolism and sepsis. 
Mann—Whimey analysis revealed a ‘significant difference only in 
length of stay ın the ICU (P=0.026) (table 3). 

Despite a clinical impression that there may be a difference 
between these groups, this only holds true for length of ICU stay. 
This may reflect the more complex, multi-system nature of hyper- 
tensive disorders, requiring a longer recovery period. With 20% of 
obstetric units on isolated sites, there is still a need for facilities to 
resuscitate and monitor these critically ill women before careful 
transfer to an mtensive care unit. * 


Table3 Age, length of stay in the ICU and APACHE N score for 
obstetric patients transferred to the ICU (mean (range)). 
Significant difference in length of stay in the ICU (P=0.026; 
Mann-Whitney) 


Age ICU stay (days) APACHE O 
Haemorrhage 31 (24-40) 1.8 (0.22-11) 10 (2-19) 
(n=24) 
Hypertension 28.8 (21-35) 3.2 (0.5-20) 12.8 G—26) 
(m=24) 
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Implications of a change in operational policy 


R. J. Winrmr AND B. Ru EY 
Adult Intensive Care Unit, Umversity Hospital, Queen’s Medical 
Centre, Nottingham NG7 2UH 


Intensive care is not currently recognized as a speciality in the UK. 
As a consequence of this, m common with most other UK inten- 
sive care units (ICU), we traditionally left overall control of the 
patient with the admutting/referring clinician. Work ın both adult’? 
and paediatric units’ has suggested that ıntensıvists can improve 
outcome ın intensive care. Iñ mid-1994 the operational policy of 
our ICU was altered to give overall control to the ICU consultants, 
‘Therefore, we have analysed outcome data held on the ICU data- 
base to assess the impact, if any, of such a change. 

Data held in the ICU audit database for the year before the 
change (1993) and the year after the change (1995) were analysed. 

There was no difference in outcome between the 2 yr In 
1993, predicted mortality was 26.1% and actual mortality 25.5% 
(SMR 0.98). In 1995, predicted mortality was 25.7% but actual 
mortality had reduced to 23.8% (SMR 0.93). Therefore, we exam- 
ined stay in the ICU. The only change was in patients who died 
who stayed in the unit for less nme (P=0.023). This was because of 
a marked reduction in duration of stay for those patients in whom 
active treatment was withdrawn from a median of 4 (2-9.5) days 
to 2 (1-5) days (P<0.0001). 

It would appear that consultants in intensive care, when given 
overall clinical responsibility for patient care, are readier to with- 
draw active treatment than ward~based clinicians. Earlier identfi- 
caton of patients in whom death was mevitable and the 
subsequent change in direction of care (from active support aimed 
at survival, to palliative and compassionate care) has both ethical 
and financial consequences. Patients who ultimately suffer pro- 
tracted deaths in the ICU consume a disproportionate amount of 
resources.’ 
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Critical incident reporting in a district general 
hospital 


T. J. PARKE, A. KAPILA AND C. PRICE 
Intensive Care Unst, Royal Berkshire Hospital, London Road, Reading 
RG1 SAN 


A cnitical incident may be defined as any incident which affected, 
or could have affected, the safety of a patient while under manage- 
ment of the intensive care umt. Critical incident repornng 1s 
designed to study the system, rather than individuals, and there- 
fore must be completely anonymous. Its use in a large teaching 
institution has already been described.’ 

The critical madent form was developed by a group of intensive 
care nurses and piloted for 3 months before the study. The form 
was then modified (T. J. P.) and data transferred to a customized 
database (Access 2.0, Microsoft). We report the results of the first 
13 months of this data collection in an eight-bed intensive care 
unit in a district general hospital (February 1, 1997 to February 
28, 1998), representing 513 admusmons. Broad categories only are 
presented. The database itself contains subdivisions within these 


categories. 
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Table 4 Critical incidents reported in the period February 1, 1997 to February 28, 1998 








Place of occurrence 

In the intensive care unit 121 
Internal hospital transfers 13 
External hospital transfers 4 
Patients referred in from outside 4 
On the ward 1 
In accident and emergency 1 


Classification of causes of incidents (one or more) 
Management 64 (communication problems 48) 


Staff Involved (one or more) 
Consultant 24 

Junior 33 
Nursing 54 
Technical 8 

Others 23 
Method of detecnon 


Direct observation 119 


Equipment 67 (ventilation 18) Invasive pressures 16 

Patientcare 57 (drug errors 36) Pulse oximetry 4 

Hazards 19 (invasive lines 9) Alarms 3 
Laboratory results 2 

Outcomes (one or more) 

Death 4 (no incident resulted directly ın a patient’s death) 

Major physiological abnormality 11 (severe prolonged desaturation or hypotension) 

Minor physiological abnormality 27 

No abnormality 57 

Staff dissatisfaction 67 

Staff myury 4 





A total of 144 crincal incidents were reported; 116 were pre- 
ventable, 125 involved human error and 69 were latent (system 
errors). The number per month varied from 6 (February 1998) to 
17 (June 1997) with no clear seasonal pattern. Seventy-five inci- 
dents occurred between 08:00 and 17:00, and 69 outside these 
hours (table 4). 

Crincal incident analysis highlights problem areas for discussion 
at audit meetungs, including mortality and morbidity. This facih- 
tates the development of guidelines and risk management. The 
anonymous nature allows reporting of areas of interpersonal con- 
flict and ethical dilemmas 
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Brain stem death and multi-organ donor 


management: a telephone survey of North West 
practice 


D. D. HUME AND J. P. BENSON 


Intensive Care Unit, Manchester Royal Infirmary, Oxford Road, 
Manchester M13 9WL 


In the UK in 1997 the total waiting lists for cadaveric organ trans- 
plants out-stripped the completed transplante by more than 2500.' 
Thus it 18 mperative that patients put forward for organ donation 
are managed in such a way as to maximize the chances of successful 
recipient outcome. Such management should include the use of the 
pulmonary artery flotation catheter (PARC) to monitor fluid and 
inotrope requirements in cardiac donors* and the use of hormonal 
manipulation to maintain end-organ function.’ The aim of this tele- 
phone survey was to assess to what extent these goals are being 
achieved in the intensive care units (ICU) of North West England. 
Consultants in 22 ICU were targeted over a 2-week period. A 
standard script using the case of a young healthy adult with an 180- 
lated but irrecoverable head injury was used If the first call was 


unsuccessful a second time was arranged. The following were 
assessed: (1) use of invasive monitoring in the given scenario; (2) 
implementation of additional monitoring in patients with brain 
stem death (BSD); (3) use of vasoacuve drugs and hormone 
replacement ın BSD patients; and (4) physiology of BSD: 10 
true/false queations on the topic. A total of 22 units were contacted 
and 13 responded (11 consultants and 2 registrars) (table 5). 

In the units which responded, there was a good deal of discrep- 
ancy in practice. The use of CVP and arterial lines GABP) was 
universal. However, one-third of the units were not in the habit of 
considering the PAFC to facilitate ftuid and inotrope use. Most 
units use, or consider using, motropes and vasodilator drugs to 
amehorate the response to BSD. Little over 50% use hormone 
replacement to preserve organ function. Many units indicated that 
their entire management was directed by the transplant co-ordina- 
tor (TC), although they admitted that the diagnosis of BSD had 
usually been made and hence the opportunity to smooth any CVS 
extremes had been missed, before involvement of the TC. The 
physiology questions, although not badly done, were completed 
correctly by only two units. 

There are many pressures and constraints put in the ICU beds 
and, on the face of it, the time and money spent on the maintenance 
and aggressrve management of organ donors is not always in the 
individual unit’s interests. However, on a larger scale, the success 
of organ transplantation requires the individual unit to understand 
the process of BSD and to act appropriately to help give recipients 
the organs in the best possible condition. 
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TableS Survey of responses of the intensive care units on the monitoring/treatment of brain stem death 








Routine (%) Consider (%) Never (%) 

Use of IABP and CVP lines 100 n/a n/a 

Use of PAFC 0 69 31 

Use of PAFC post BSD 15 46 39 

Use of inotropes 15 69 14 

Use of hypotensives 15 61 24 

Use of hormonal “cocktail” 15 38 47 
True/false questions max 10 mun 4 mean 7 
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Caring for critically ill children in an adult intensive 
care unit 


D. Hicems, P. G. HoLtywoop, B. Bora anp K. KINNEAR 
Southend Hospsal, Prittlewell Chase, Westcliff on Sea, Essex SSO ORY 


The recent report from the National Co-ordinating Group on pae- 
diatric intenstve care services’ recommends that adult intensive 
care units (AICU) in district general hospitals restrict their paedi- 
atric activity to the initiation of intensive care before transfer of 
each child to a recognized centre. There was no outcome data 
quoted that supported this recommendation. We wish to report an 
ongoing outcome study concerning care of critically ill children on 
an AICU m a district general hospital. 

All patients less than 16 yr of age admitted to the AICU at 
Southend General Hospital over a 4-yr period were identified. For 
each child, sex, age and length of stay were recorded. In addition 
the 14 physiological variables required to calculate the paediatric 
risk of mortality (PRISM) score were recorded on admission.” 
From this score the risk of death for each child was calculated. All 
children who had a low estimated mortality (less than 5%) and did 
not require specialist care (usually neurosurgery) were cared for 
locally. The estimated mortality of this group was compared with 
actual outcome. 

Over a 4-yr period, 129 children were admitted. There were 63 
girls and 66 boys aged 2 weeks to 15 yr (mean 61 months). Length 
of stay ranged from 2 h to 8 days (mean 41 h) and 83 children 
required mechanical ventilation. Calculated risk of death and 
observed mortality are shown in table 6. 


Table 6 Calculated risk of death and outcome of children 
admitted to the adult intensive care unit 


Risk of death n Deaths Expected deaths 
<1% 69 0 0.38 

1-5% 43 0 0.8 

5-10% 8 0 0.98 

10-50% 5 0 0.43 

>50% 4 2 2.21 

Total 129 2 4.8 


All 97 children with an estimated mortality of less than 5% who 
were cared for on the AICU survived. Thirty-two other patients 
were transferred after initial stabilization ın our unit. PRISM 
scores gave an expected mortality of 4.8 patients but only two 
deaths were observed. 

The observed mortality was less than that predicted. Our results 
suggest that an adult unit can provide an acceptable level of care 
for children with a low expected mortality. However, it is difficult 
to justify continuing to provide this care in view of the recommen- 
dations made by the National Co-ordinating Group on paediatric 
intensive care. j 


Keywords: intensive care, audit; children 


References 


l. Paediatric Intensive Care. A Framework for the Future 
Department of Health, 1997. 

2. Pollack MM, Ruttiman UE, Getson PR. Crincal Care Medicines 
1988; 16; 1110-1116. 


A survey of neurosurgical transfers to a 
neurointensive care unit 


T. K. Tan, L. ANDERSON, R. FAIRGRIEVE AND A. R. BINNING 
The Chmcal Shock Study Group, Western Infirmary, Glasgow 
G11 6NT 


The guidelines “Recommendations for the Transfer of Patients 
with Acute Head Injuries to Neurosurgical Units”' were published 
in December 1996. We sought to characterize our neurosurgical 
transfers and to determine compliance with these guidelines. 

All patients transferred to our neurosurgical intensive care unit 
since the start of 1998 were studied. The doctors responsible for 
the transfer answered a questionnaire by telephone. 
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Twenty-four transfers to the neurointensive care unit m a regional 
centre were studied; 58% were patients who had sustamed head 
injuries while 42% had acute intracranial lesions needing transfer 
for specialist management. The average journey time was 35 min. 
Three transfers were by A&E doctors, while the rest were by anaes- 
thensts, of which 66.6% had more than 2 yr anaesthetic experience. 
All had skilled assistance. The time spent preparing the patient (15—- 
120 min) was mainly for mtubation—-venulation, and insertion of 
venous and monitoring lines. Of the 22 intubated patients, 86% 
were intubated for decreased conscious level. A total of 75% of jour- 
neys were uneventful and any incidents during journey were mainly 
as a result of equipment failure and physiological changes. Propofol, 
midazolam, atracurrum and vecuronium were popular for transfer. 
Most interventions during the journey involved drug admunistraton 
of neuromuscular blocking agents and sedation. All transfer teams 
carried resuscitation drugs. Only 54% of doctors kept a transfer 
record. Only 66% of patients transferred had arterial lines, and 33% 
used end-tidal carbon dioxide monitoring. All patients had ECG 
monitoring and pulse oximetry. Four of the 24 transfer teams had 
access to a mobile phone. Pre-transfer laboratory tests were per- 
formed in less than 50% of patients. Only 11 of the 24 doctors 
Ta me T Wane nee Dilan) 12 of 24 amed for a Paco, of 
4-4.5 kPa. Only four had not heard of the recommendations. 

Eight doctors performing neurosurgical transfers did not fulfill the 
recommendations of having spent at least 2 yr in anaesthesia. Not all 
patients had invasive arterial monitoring and a substantial number 
did not have B’,,, monitoring. More doctors need access to mobile 
phones. Of concern is the low proportion of doctors who aimed for 
appropriate and Paco, Values, Many transfers fell short of the rec- 
ommendanons. This study will help organize regional education and 
training, as suggested in the recommendations. 
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Why is there increased demand for critical care? 


S. Roorey*, K. Burcuerr} AND A. BURNS 

*Norfolk and Norwich Hospital, Brunswick Rd, Noranch NR1 3SR, 
FQueen Elizabeth Hospital, Gayton Rd, PE30 4ET and 

#Wast Suffolk Hospital, Hardunck Lane, Ipswich IP33 2QZ 


Critical care services are becoming busier. However, it is not clear 
from where this expressed demand is generated The aim of this 
study was to compare changes in hospital activity with those of the 
hospital’s critical care facilities. 

The activity (number of beds, hospital admissions, outpatients, 
impatient operations and accident and emergency department 
(A&E) attendances) of three district general hospitals in East Anglia 
was recorded over 5 yr (1992-1996 inclusive). Trends in these val- 
ues were compared with activity measures of the critical care ser- 
vices (number of admissions, numbers of bed days provided) and 
simple patient details (age of patients, type of admission). 

The results suggested that while the number of hospital beds has 
remained static, the activity within the hospitals has increased over 
the 5 yr (hospital admissions increased by 5%, 8% and 19%, outpa- 
tients mereased by 12%, 17% and 27%, inpatient operations either 
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Figure 1 Activity of three district general hospitals ın East Angha 
over a 5-yr period. 
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did not change or increased by 4% and 27%, A&E attendances either 
decreased by 3%, did not change or increased by 17%) (fig. 1). 
However, the increase in activity was greater for the critical care ser- 
vices. The number of admissions increased by 33% and 119%. Ina 
four-bed ICU, a single bed closure resulted in only a 6% reduction in 
admission. The number of bed days provided increased by 30%, 33% 
and 115%. The average age of the critically ill patents increased con- 
sistently from a mean in the mid-fifties in 1992 to high-fifties in 1996. 

These preliminary results suggest that the hospitals are treating 
more patients but that the activity of the critical care services is 
mcreasing much faster, suggesting that the demand for critical 
care may be generated from within the hospitals. If these results 
are confirmed elsewhere, then planning the size of critical care 
facilities should reflect practices and specialties available within 
the hospital concerned rather than population demographics. 
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Prognostic indices following emergency aortic 
aneurysm repair 


S. URwIn AND S. RIDLEY 
Norfolk and Norwich Hospital, Brunsatck Rd, Norunch NRI 3SR 


Emergency aortic aneurysm repair is associated with a high mor- 
tality. The aim of this study was to idenufy important indices 
which are associated with a poor outcome so that these may be 
used to augment clinical management. 

In this retrospective study, patients who had undergone emer- 
gency abdominal aortic aneurysm repair between January 1, 1995 
and October 31, 1997 were identified from the theatre and intensive 
care unit (CU) records. Previous studies have alluded to a higher 
mortality in patients who were hypotensive or undergoing cardiopul- 
monary resuscitation (CPR)' and who were elderly.’ Therefore, the 
patients’ notes were examined for these and other key features which 
may affect outcome (age, sex, co-morbidity, usual medication, ume 
to surgery, arterial pressure on admission, preoperative CPR, ume of 
surgery (day or night), aneurysm rupture, intraoperative hypoten- 
sion >20 min (defined as systolic arterial pressure <90 mm Hg), 
blood loss (litre), seniority of anaesthetist and surgeon, and intra- 
operative use of inotropes). Univariate analysis was mitially used to 
examine which factors distinguished patients who died from those 
who survived. Binary logisne regression was used to model those 
factors which mdependently and significantly mfluenced of the 
patient died m theatre, m the ICU or within 28 days of surgery. i 

One hundred and thirty-five patients underwent emergency aor- 
tic aneurysm repair. Ten medical records could not be traced and 
therefore 125 patients were included m the study. Univariate 
analysis revealed that sex, usual medication, time to surgery, time 
of surgery (day or night), seniority of anaesthetist and surgeon, 
and intraoperative use of inotropes did not influence outcome at 
any time. The results of the binary logistic regression are shown in 
table 7 and the sıze of the coefficients reflect the relative impor- 
tance of the prognostic factor. 

The results suggested that aneurysm rupture followed by blood 
loss were the two most important factors in determining outcome 
from surgery, ICU and short-term survival. These preliminary 
results indicate that it is possible to identify factors associated with 
an adverse outcome and such factors could be used to augment 


clinical judgement. 
Keywords: intensive care, audit; surgery, abdominal 
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Validation of outcome prediction in elderly patients 


A. JANZIDOL AND S. RIDLEY 
Norfolk and Norwich Hospital, Brunsunck Rd, Norwich NR1 3SR 


We recently described an equation for predicting 1-yr survival of 
elderty critically ill patients’. The aim of this study was to check the 
accuracy and discrimination of this equation in a validation group 
of critically ill patients ın the same institution. 

Panent details (age, sex, diagnosis, acute physiology score (APS) 
and number of chronic health evaluation points) and treatment 
details (planned or unplanned admussion, length of intensive care 
unit (ICU) stay) of all critically ill patients aged more than 70 yr 
admitted between April 1, 1995 and September 30, 1996, were 
recorded. Patients were followed for 1 yr by examining the hospi- 
tal’s administrative system; if a date of death could not be found, 
the patient’s general practitioner was asked to provide a date of 
death or confirm survival. Predicted 1-yr survival was estimated 
using the equation (as described by Dyaiani and Ridley’): 

Logit P=0.32+(APSx0.07)+(1.52 if aged >85)-—(diagnosis co- 
efficient). 

The accuracy of the prediction was checked using the 
Hosmer—Lemeshow C stanstc (measuring goodness of fit) and 
the discriminatory power by the area under the receiver operating 
characteristic (ROC) curve. 

Of the 555 patients aged more than 70 yr admitted during the 
study period, 106 died in the ICU (19% ICU mortality, identical 
to that of the development group’) and another 134 died within 
1 yr (43% total 1-yr mortality vs 47% total l-yr mortality in the 
development group). The 1-yr survival of patients aged less than 
85 yr was 59% (vs 56% ın the development group) while that in 
those more than 85 yr was poor (43% us 27% in the development 
group; P>0.05). The goodness of fit P value was 0.04 (C statis- 
tic=19.8, df10) and the area under the ROC curve was 0.75. 
However, there were significant differences in the patient details; 
more patients were admitted electively (40% vs 32.2%) and fewer 
patients with trauma and emergency abdominal aortic aneuryem 
repair were treated in the validation set. In both groups, the com- 
bined 1-yr survival of all critically ill elderly patients was 55% but 
the outcome of patients aged more than 85 yr remaimed poor 
(37%). 

Ideally the goodness of fit P value should exceed 0.05, suggest- 
ing that the development and validation groups come from the 
same population. However, our results indicated that this was not 
the case; the largest difference was the lower than expected num- 
ber of deaths in the eighth decile risk (spanning 62-71% predicted 
risk of mortality) in the validation group. The area under the ROC 
curve failed to reach the accepted standard for discriminatory 
power (0.8). 

Changing patient populations, such as increased elective work 
and altered diagnoses, may reduce the performance of predicnve 
equations and highlights the difficulty of long-term studies on 
fluctuating populations of critically ill patients. Revision of the pre- 
dictive equation is necessary. 
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Table 7 Binary logistic regression analysis of factors which independently influenced if the patient died 


in theatre, ın the ICU or within 28 days of surgery 


Significant prognostic factors (with coefficients) 


Preoperative CPR (—2.75), rupture (—1.78), 


hypotension (—1.35) 


Mortality 
Death (cumulative %) 
Theatre 31.4 
ICU 63.6 
Within 28 days 70.2 


Rupture (—1.93), blood loss (0.278) 
~ Rupture 1.67), blood loss (-0.31), age (-0.064) 
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How different are critically ill medical patients in the 
ICU? 


S. LaM AND S. RDLEY 
Norfolk and Norunch Hospital, Brunswick Rd, Norwich NR1 3SR 


The majority of patients admitted to critical care facilities are sur- 
gical and most of the reports concerning crincal care are based on 
cohorts of predominantly surgical patients. There are relatively few 
reports of non-coronary medical patients in general intensive care 
units (ICU). The statistical inferences based on surgically based 
populations may not be valid for medical patients. Therefore, the 
aim of this study was to examine simple patent characteristics 
which may disungwsh medical from other patients admitted to the 
ICU. 

Patient details (age, sex, diagnosis, acute physiology and chronic 
health evaluation (APACHE ID score, lead time bias (difference 
between time of admission to hospital and admussion to ICU), 
admission type (planned or unplanned), length of ICU stay) of all 
critically ull patients admitted between August 1, 1995 and 
September 30, 1996 were recorded. 

Of the 2165 patients admitted during the study period, 374 
(17%) were referred from medical specialties. These patients dif- 
fered from other critically ill patients in a number of important 
aspects: (i) the medical patients were younger (mean age 52.6 yr 
(95% confidence interval (CI) 50.6~-54.6 yr)) than the other 
patients (61.8 (95% CI 60.8-62.7) yr); Gi) APACHE II scores in 
the medical patients were higher (median 17 (95% CI 1~-18)) than 
those in the other patients (10 (95% CI 10-10)); Gii) ICU mortal- 
ity of the medical patients was higher (29.1%) than that of the 
other patients (10.5%), even when corrected for severity of illness; 
(iv) the lead ume bias of medical patients was shorter (median 0.9 
(95% CI 0.85—-0.94) days) than for other patients (1.7 (95% CI: 
1.6-1.7) days); (v) significantly more women were admitted as 
medical (45%) as opposed to surgical (38%) patients; (vii) 47% of 
other admissions were planned compared with only 2% of medical 
patients; and (viii) length of ICU stay did not differ between med- 
ical (1.4 days) and surgical (1.0 day) patients. 

There are clear patient differences which distinguish medical 
from other patients. The reasons for such differences are not clear 
from this study but may relate to either a higher prevalence of 
chronic co-morbidities or the pan-system nature of acute severe 
medical disease. The results suggest that medical patients are 
referred promptly to the ICU but that they suffer a higher than 
expected mortality when corrected for physiological disturbance. 
While general scoring systems, such as the APACHE system, can- 
not be expected to work well in discrete clinical sub groups, med- 
1cal patients represent a reasonably sized minority in the ICU and 
so deserve closer attention. Using severity of illness or organ fail- 
ure scores in medical patients may be unwise and this study sug- 
gests that the chances of mortality in such patients may be worst 
than expected. 

In summary, there were significant differences between medical 
and other patients in the ICU which suggests that general scoring 
systems should be applied with caution, 
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Does transferring patients between hospitals for 
intensive care alter outcome? 


J. O'Dea, J. Hull, S. Baker and L. Lynch 


West Midlands Intensive Care Group (WMICG) City Hospital NHS 
Trust, Dudley Road, Birmingham B18 7QH 


The question posed by us was whether transferring patients 
between hospitals for non-clinical reasons for intensive care had a 
significant effect on ultimate outcome. In the West Midlands, 
transfers between hospitals for intensive care usually occurred 
between the 27 local units. This initial study is presented. 

The 27 units of the WMICG joined the Intensive Care National 
Audit and Research Centre ICNARC) Case Mx programme as a 
single wave in April 1996. We interrogated the national database 
using the data available at ICNARC from the West Midlands. 
Using the 6552 records, a standard query was constructed. Four 
units were excluded: two specialist paediatric units, an HDU and a 
regional neuroscience unit because they routinely receive trans- 
fers. Planned patients were excluded; 535 unplanned patients were 
transferred to another hospital for intensive care and were com- 
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Table 8 Patient characteristics and hospital details for patients 
transferred between hospital compared with those not transferred 


Transfers Non-transfers 


Mean age 54.3 56.4 
No. female patients (%) 41.9 41.6 
No. with past medical history likely 14.4 143 
to affect outcome present (%) 

Mean APACHE II score 17.5 17.7 
Median APACHE U probability 0.24 0.25 
No. of patients ventilated 75.3 59.4 
on admission (%) 

No. of patients receiving CPR 16.3 13.7 
before admission (%) 

Median length of stay in ICU (days) 2.7 1.8 
Median length of stay in 12.0 13.0 
hospital (days) 

ICU mortality (%) 26.9 270 
Hospital mortality (%) 37.8 40.0 


pared with the 4400 unplanned admissions not transferred. Table 
8 includes some of the comparisons made. 

The results showed that the two groups of patients were compa- 
rable in age and sex distribution, presence of past medical history 
and severity of illness. There was a small difference m length of 
stay. The ultimate outcome (mortality) was unaffected by transfer 
in this sample. We are extending this study to include a larger sam- 
ple. This would allow incorporation of standardized mortality 
ratios (SMR) and analysis of more detailed chnical groupings. 
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Sexual dysfunction after intensive care 


J. QUINLAN AND C. WALDMANN 
Intenstve Care Unit, Royal Berkshire Hospital, Reading RG1 SAN 


Assessment of a patients quality of life following admission to an 
intensive care unit (ICU) is becoming increasingly important in 
auditing intensive care. Many patients report problems that appear 
to be minor in relation to the severity of their admission diagnosis 
but which, nonetheless, restrict their current lifestyle and prevent a 
full return to their pre-admussion state of health. We have identified 
sexual dysfunction as a previously unrecognized complication of 
admission to the ICU. 

We performed a retrospective review of notes of panents who 
attended the ICU follow-up clinic at 2, 6 and 12 months after dis- 
charge from the ICU. Only those whose ICU length of stay was 5 
days or more were invited to attend the clinic. Questions covering 
all aspects of their current state of health and social activities (hob- 
bies, socializing, sex life) were asked, and comparisons made 
between now and before hospital admission. An assessment of 
their mental health was made, examining evidence of post-trau- 
matic stress disorder (PTSD). If there was evidence of sexual dys- 
fanction we then considered whether there might be a link with 
PTSD. 

Of the 62 sets of notes reviewed, 16 patients (25.8%) reported 
sexual dysfunction at 2 months, 12 (19.4%) at 6 months and 10 
(16.1%) at 12 months. Of these 10 pauents with continuing diffi- 
culty (seven male, three female), two were referred to the androl- 
ogy clinic, one was referred for counselling, two were improving 
and the remaining five declined further help. Twenty-one patients 
described symptoms of PTSD, and one-third of these had sexual 
dysfunction. Of the remaiming 41 patients with no evidence of 
PTSD, 22% had problems sexually. 

Sexual dysfunction 1s a common problem after ICU admission 
and may often go unrecognized and untreated, despite 1ts major 
impact on a patient’s quality of life. Sexuality after critical illness 
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has not received much attention in the medical literature although 
patients consider it to be very important.’ Doctors must be more 
aware of the problem so that it may be identified and patients’ con- 
cerns dealt with. We did not find a correlation between PTSD and 
sexual dysfuncnon, in contrast with others who have investigated 
PTSD from other causes.’ 


Keywords: intensive care, audit; complications, sexual dys- 
function 
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Analysis of outcome of ICU patients with acute renal 
failure in the UK 


H. Stuart, L. SHAIKH, A. RHODES, P. NEWMAN AND 
R W. S. CHANG FORTHE RIP Ussr’s Group 
St George’s Hospital, Blackshaw Road, London SW17 0OT 


We present the salient patient characteristics and prognostic fac- 
tors that affect outcome from acute renal failure in 21 intensive 
care units (ICU) in the UK. 

Daily APACHE H and TISS data were collected prospectively 
from 21 ICU between June 10, 1989 and September 14, 1996 
until death or discharge. A total of 2395 patients met the following 
criteria as having acute renal failure: urine output=0 mi/24 h (or 
<479 ml/24 h and (urea>35 mmol litre“ or creatinine >318 pmol 
litre” )) or clinical override.’ 

Mean age was 59.7 yr of whom 65.5% were males; 1394 patients 
were admitted to the ICU, with the above criteria of acute renal fail- 
ure, and had a mortality of 53% (SMR 1.39); 1001 developed renal 
failure during their ICU stay, with a mortality of 61% (SMR 2.11). 

Mortality for broad admission categories were: emergency 
surgery (62%); sepsis (69%); haemorrhage (62%); trauma (35%); 
and elective surgery (33%). Mortality associated with pre-existing 
co-morbidines were: liver failure (87%); cardiovascular failure 
(68%); respiratory failure (61%); and immune deficiency (75%). 
The mortality from acute renal failure alone was approximately 
20% and increased to more than 80% when associated with other 
systems failure (table 9). 

The mortality associated with acute renal failure ın ICU 


Table 9 Mortality from acute renal failure alone and ın combimation 
with other systems failure (24% of all deaths occurred in patients 
with a plasma creatmme concentration of <250 pmol litre“) 


Organs Duration (days) n Mortality 
1 1 381 18% 
2 97 25% 
23 62 21% 
2 1 531 44% 
22 169 53% 
23 1 651 76% 
2 171 81% 
23 164 85% 


remains high although the mean age of patients has msen. The 
SMR for those developing renal failure while in the ICU was 
higher than that for those admitted with acute renal failure-the 
risk of the latter being underestimated. This observation, together 
with the wide range of mortality seen for different subgroups, 
means that any study evaluating treatment modalities for acute 
renal failure in the ICU must account for these major confounding 
factors. Simple randomization alone will not suffice. 
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Increased cerebral venous oxyhaemogiobin 
saturation and poor outcome in acute brain injury 


C. S. A. MACMILLAN, P. J. D. ANDREWS, P. A. JONES, 
E. G. MCKEATING, V. J. EASTON AND T. HOWELLS 
Department of Anaesthencs and Clinical Neurosciences, Western 
General Hospital, Edinburgh EH4 2XU 


Minute by munute, multrmodality monitoring of physiological 
variables in patients with acute brain injury is standard practice in 
our intensive care unit.’ This mcludes arterial pressure, pulse 
oximetry, temperature, cerebral venous oxyhaemoglobm satura- 
tion (Sj,_), intracranial pressure (ICP) and calculated cerebral per- 
fusion pressure (CPP). Our aim was to analyse Sj, and outcome 
data thus collected, and compare those with a good outcome 
(Glasgow outcome score (GOS 4 and 5)) with those with a poor 
outcome (GOS 1-3). 

Srxty-two patients with acute brain injury admitted to the ITU 
bad multimodality monitoring as part of their standard care This 
included Sj, monitoring from the tme of admission until it was 
no longer indicated. An Oximetrix 3 system was used for 58 
patients and an Edslab dual lumen oximetry catheter” for four. 
Each physiological variable was considered individually for each 
patient. In order to make comparisons between patients, time 
spent outwith normal physiological values (insult time) was 
expressed as a percentage of validated monitoring time for that 
variable for each patient. Fifty-four percent of data collected by 
the Oximetrix 3 system was valid. Patients were assessed at 12 
months after injury using the Glasgow outcome score. 

Sixty-two patients (51 males), 36 GOS 1-3, 26 GOS 4 and 5, 
aged 12-70 (mean 37) yr, admitted for intensive care following 
severe (GCS <8, n=48) or moderate (GCS 8-12, n=14) acute 
bram injury were studied. GCS after resuscitation was 3-12 
(median 7) and imyury severity scores (ISS) 13—41 (median 21). 
Considering the types of brain injury (some patients may have 
more than one) 12 patients had an epidural haemorrhage, 28 an 
acute subdural haematoma, five a chronic subdural haematoma, 
30 with contusions, 15 diffuse brain injury and four a depressed 
skull fracture. There was no significant difference between the 
good (GOS 4 and 5) and poor (GOS 1-3) outcome patient groups 
for any of the above variables. Poor outcome patients spent signifi- 
cantly more nme (as a percentage of monitored time) with an Sj 
value greater than 75% (P=0.018, normal values 54-75%), ICE 
>20 mm Hg (P=0.048) and CPP less than 60 mm Hg (P=0.041). 

We have confirmed the findings in previous studies of poor out- 
come associated with increased ICP, and low CPP; however the 
association between high Sj, and GOS has not been demon- 
strated previously. An increased Sj, may be associatéd with either 
brain hyperaemia or failure to use oxygen; the mjured brain pro- 
duces inflammatory mediators, and indeed a systemic inflamma- 
tory response may ensue following such an injury. We believe the 
severely injured brain fails to use oxygen appropriately, and hence 
an increased 5}, is seen in patients who have a poor outcome, Our 
standard treatments for acute brain myury management are aimed 
at reducing or preventing secondary msults, and this may be 
why we have not shown a difference in outcome when low Sj, is 
considered. In summary, we report a new finding of high Sj, a880- 
ciated with poor outcome in patients with acute brain injury. 
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Complications in the first 48 h after surgery: 
comparison between the general ward and HDU 


H. G. W. Paw, G. VIJAYKUMAR, T. S. KOONER AND 
S. A. RDLEY 
Norfolk and Norwich Hospital, Brunswick Road, Norwich NR1 3SR 


Not every hospital has a high dependency unit (HDU). Most acute 
hospitals, however, have intensive care units (CU) containing 
approximately one bed for every 100 general ward beds.’ In prac- 
tice, because of the increasing demand for ICU beds, only patients 
requiring assisted ventilation and invasive cardiovascular monitor- 
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ing are admitted. As a result of changes in the NHS, there is a defi- 
ciency of care for patients who need constant observation but are 
not considered sufficiently ill to justify transfer to an ICU. Evidence 
demonstratng a reduction in postoperative complications by 
admitting patients to an HDU instead of the general ward is lack- 
ing. Therefore, this study was undertaken to find the incidence of 
postoperative complications occurring in the first 48 h after major 
surgery and to explore the role of the HDU in postoperative care. 

The POSSUM (Physiological and Operative Severity Score for 
the enUmeration of Mortality and morbidity) scoring system was 
adopted to assess patients.” Complications were assessed by clini- 
cal observation, interviews with nursing staff and patients, and 
referral to fluid and drug charts. Data were collected for 426 
patients. 

The POSSUM score for patients admitted to the HDU was 
higher than for patents admitted to the general wards (30.8 vs 
37.4; P<0.001). There were similar comphcations per 10 POS- 
SUM points in HDU patients (median complication per 10 points 
for HDU patients 0.86 us 0.87 for ward patients). We used analysis 
of covariance to hold the effect of POSSUM score constant while 
testing for a difference in the number of complications between 
the general ward and HDU. The number of complications signifi- 
cantly varied with POSSUM score and not the location of the 
patient. Four patients admitted to the general wards were admit- 
ted within 48 h to the ICU. None from the HDU required ICU 
admission, There were two deaths in the general ward and two in 
the HDU. 

The higher complication scores for HDU patients were a result 
of the higher POSSUM score and perhaps also to closer nursing 
observations. Although it has been shown that the number of com- 
plicanons was not significantly different between the HDU and 
the ward, the quality of care may be better in the HDU ın terms of 
mortality and deterioration requiring subsequent ICU admission. 
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Are deaths on hospital wards potentially 
preventable? 


D. R. GoLDULL, L. M. WORTHINGTON, M. M. TARLING, 
A. J. MuLcany, S. R. Sincu, S. A. WHITE AND A. SUMNER 
Anaesthetics Unit, Royal London Hospital, London E1 1BB 


Comparing admussions to the intensive care unit (ICU) from the 
operating theatres/recovery, the accident and emergency depart- 
ment (A&E), and the wards, the largest number and highest per- 
centage of deaths are in patients admitted from the wards.' Deaths 
of some patients who die on the ward may be preventable by early 
identification and ICU admussion. A prospective study of all ward 
deaths was undertaken to quantify this problem. 

The notes of all patients who died on the wards between June 1 
and November 30, 1997 were examined. If a “do not resuscitate” 
(DNR) order was in the notes, the ume of the order before death 
was recorded. For patients without DNR orders, information was 
collected on physiological values, procedures and interventions in 
the 24 h before death. 

During the study period, 316 patients died on the wards, 
excluding deaths in the ICU, A&E, coronary care and the radiol- 
ogy department. A DNR order was in the notes of 261 (83%) 
patients. During their hospital admission, 14 (5.4%) of those with 
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DNR orders had been ın the ICU and 13 (5%) had recerved cardio- 
pulmonary resuscitation (CPR). In 11, the date of the DNR order 
was uncertain. The remaining 250 patients had a mean age of 74.9 
yr (range 34-96 yr) and were ın hospital a median of 11 (range 
0-204) days before death. DNR orders were recorded a median of 
3.2 (0-131) days before death. For 17% the DNR order was on 
the day of death and in 35% it was within 1 day of death. 

A DNR order was not made for 55 patients (17%). However, 
from the diagnoses, resuscitation was not always appropriate. Four 
(7%) had a previous ICU admussion and 17 (31%) received CPR 
before death. Mean age was 66.1 yr (range 21-90 yr) and median 
hospital stay before death was 8 (range 0-83) days. Routine physio- 
logical values were often recorded for the 24 h before death (table 
10). Missing values were assumed to be normal, resulnng in an 
average APACHE II score of 13.3 (sp 6.0). 

Many patients who died on the wards were ın hospital for some 
days before death. A high percentage of DNR orders were made 
shortly before death, suggesting that active treatment was pomtless 
at this time. However, earlier intervention may have been of bene- 
fit in some patients Some patients without a DNR order were not 
appropriate for CPR. Earher identification, active management 
and ICU admission may have been of benefit in others. 
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APACHE I], data accuracy and outcome prediction 


D. R. GOLDHIL AND A. SUMNER 
Anaesthetics Unit, Royal London Hospital, London E1 1BB 


The precise way in which APACHE II scoring is applied often dif- 
fers from the way ıt was developed originally. Potential errors in 
scoring and their impact on prediction need to be studied ' In our 
ICU, APACHE II data are collected prospectively using a standard 
form and definitions. A chart review was undertaken to identify 
potential errors in these data. 

Every 10th ICU admussion chart in 1995 and 1996 was exam- 
ined. Patients who underwent cardiac surgery, those less than 17 yr, 
those who died or were discharged within 8 h of admission or those 
with a previous admission were excluded. The charted data were 
assumed to be accurate and the highest and lowest charted values 
in the 24 h after admission were recorded for exght physiological 
variables (table 11). pH, sodrum, potassium and haemoglobin 
values measured in the ICU laboratory were the values taken from 
the chart. Sodium, potassium and haemoglobin values were also 
measured daily in the hospital laboratory. APACHE II points were 
calculated and compared with values in the ICU database 
Predicted hospital mortality and mortality rato (MR) (observed 
hospital deaths/predicted deaths) were also calculated. 

A total of 122 charts were eligible for comparison. If the chart 
review values are assumed to be accurate, an average of 1 73 more 
APACHE. II points were scored. Predicted mortality increased 
from 24.8% to 27.8%. MR (95% confidence interval) decreased 
from 1.52 (1.11~2.03) to 1.35 (0.99-1.81). Inaccuracy and incon- 
sistency in data collection must be excluded before differences in 
mortality ratios are ascribed to ICU performance 
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Table 10 Percentage physiological values recorded and average APACHE H pomts. Temp=temperature, 
MAP=mean arterial pressure, HR=heart rate, Resp=respiratory frequency, Oxy=oxygenation score, 
Na=sodium, K=potassium, Creat=creanmine, Hb=haemoglobin, WBC=white cell count, GCS=Glasgow 
coma score, %=percentage for whom a value was available in the 24 h before death. Avg points=average 


APACHE JI points in the 24 h before death 





Temp MAP HR Resp Oxy pH Na K Creat Hb WBC GCS 





% 84 76 89 64 15 
Avg point: 1.0 1.5 18 1.2 0.9 


16 67 65 65 60 60 7 
1.9 02 03 2.2 0.7 08 9.3 
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Table 11  Charted date compared with ICU database for eight physiological variables. Percentage higher 
and lower compares chart review with ICU database; the kappa statistic describes the inter-observer 


difference between the ICU database and chart review 


ICU database Charts 

Variable Average points Average points % higher % lower kappa 
Temperature 0.61 0.54 5.7 9.8 0.72 
Mean arterial pressure 0,92 1.04 16.4 9.8 053 
Heart rate 1.19 1.70 28.7 5.7 0.45 
Respiratory rate 0.40 0.36 14.8 8.2 0.42 
pH 0.92 1.19 27.9 5.7 0.51 
Sodium 0.34 0.57 13.1 0.8 0.65 
Potassium 039 0.69 32.0 6.6 0.34 
Haemoglobin 0.64 1.07 26.2 6.6 0.39 
All 8 variables 5.42 7.15 20.6 6.7 


The patient at risk team: identifying and managing 
critically ill ward patients 


D. R. GoLDHLL, S. R. Sincn, M. M. TARLING, 

L. M. WORTHINGTON, A. J. MuLcany, S.A. WHITE AND 
A. SUMNER 

Anaesthetics Umt, Royal London Hospital, London El 1BB 


Ward patients have abnormal physiological values associated with 
ICU admission and cardiopulmonary resuscitation (CPR).' Based 
on this work a patient at risk team (PART) was developed to assess 
ward patients who had a combination of physiological abnormal- 
ties. A doctor or senior ward nurse could also call the PART for a 
patient causing concern. The main criteria for alerting the PART 
were a patient with any 3 or more of the following: respiratory fre- 
quency 225-bpm (or <10 bpm); not fully alert and orientated; sys- 
tolic arterial pressure <90 mm Hg; oxygen saturation <90%; heart 
rate 2110 beat min` (or <55 beat min`); urine output <100 ml 
over the last 4 h; or the patient not fully alert and orientated and 
respiratory frequency 235 bpm or heart rate 2140 beat mn“ 

The PART was introduced on the June 1, 1997. In the first 6 
months the PART was called 69 times to 63 patients. A decision 
was taken to admit the patient immediately to the ICU, to review 
and admit later if necessary, not to review or that ICU admission 
was inappropriate; 38 (60%) were admitted to the ICU at some- 
time after assessment. 

There were 27 assessments in 27 patients resulting in ICU 
admission within 48 h. Nine of these patients died. Of the other 42 
assessments in 36 patients, two patients were considered to be 
inappropriate for ICU admussion. Eleven patients were later 
admutted to the ICU; three (who all died) within 48 h of a further 
assessment, and the others, 3-33 days after being seen. There were 
three deaths in patients admitted to the ICU more than 48 h after 
being seen and four deaths in patients who were not admitted to 
the ICU. In total, 19 patents died (32%) and all but four were 
admitted to the ICU sometime after being seen by the PART. 

Eight (27%) of those admitted within 48 h of assessment ful- 
filled the main criteria above for calling the PART compared with 
13 (33%) of those not admitted within 48 h, When assessed, the 
commonest physiological abnormality was a respiratory rate 
>25 bpm, found in 63% of those admitted within 48 h and in 49% 
of the others. The next commonest abnormalities were being not 
fully alert and orientated, and tachycardia. There was no signifi- 
cant difference between groups in APACHE II scores for the 24 h 
before being assessed (14.9 admitted <48 h, 12.8 not admitted). 

Most patients assessed did not fulfil the main physiological cri- 


teria for calling the PART and these criteria need to be refined. 
Neither the physiological criteria nor APACHE II scores identrfied 
patients who were admitted to the ICU within 48 h, although ICU 
admission may have been affected by bed availability. Awareness of 
potential ICU patients on the wards allowed us to suggest changes 
in management, and to plan ICU admissions. 
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Patients admitted to the ICU from the ward: effect of 
the patient at risk team 


D. R. Govou, A. J. Mutcany, M. M. TARLING, 
L. M. WORTHINGTON, S. R. Sineu, S. A. WHITE AND 
A. SUMNER 

Anaesthetics Unit, Royal London Hospital, London E1 1BB 


Comparing ICU admissions from the operating theatres/recovery, 
the accident and emergency department (A&E), and the wards, 
the largest number and highest percentage of deaths are in patients 
admitted from the wards.’ Deaths may be preventable by early 
identification and ICU admission of critically 1 ward patients. On 
June 1, 1997, a patient at msk team (PART) was introduced at the 
Royal London Hospital to assess critically ill ward patients. All 
patients admitted from the wards to the ICU between June 1 and 
November 30, 1997 were studied prospectively to assess the effect 
of the PART. 

Patients were grouped by those who had and those who had not 
been seen by the PART in the 48 h before admission. A record was 
made of those receiving cardiopulmonary resuscitation (CPR) 
before admission and APACHE II scores, and predicted hospital 
outcome was calculated from the worst phystological values in the 
24 h after ICU admission 

A total of 422 patients were admitted to the ICU, 103 from the 
wards. Of those admitted from the wards 30 were seen by the 
PART within 48 h of admission. Significantly fewer patients seen 
by the PART received CPR (fig. 2). Although predicted hospital 
mortality was lower for patients seen by the PART, as was ICU 
mortality, this did not reach statistical significance. For patients 
not seen by the PART, predicted mortality and APACHE L scores 





Within 48 h of PART assessment 
30 admissions 


Predicted hospital deaths = 35% 
Died in ICU = 8 (27%) 
CPR before ICU = 1 (3.3%) 





YES = 21 (29%) 
Died in ICU = 13 (62%) 


aa 


Predicted hospital deaths = 61% 





Not seen by PART 
73 admissions 


Predicted hospital deaths = 44% 
Died in ICU = 33 (45%) 
CPR before ICU 


NO = 52 (71%) 
Predicted hospital deaths = 37% 
Died in ICU = 20 (39%) - 














Figure2 Admissions to ICU from the ward, June-November 1997. 
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were significantly higher in those who received CPR, although the 
difference in ICU mortality was not statistically significant 
(P=0.59). As several patients had more than one ICU admussion 
but can only die once, we have shown only ICU mortality. 

A high percentage of ICU admussions are from the wards where 
patients are available for early intervention. We relied on ward staff 
to call the PART. Whether this was done may have depended on 
ward practice and combinations of abnormal physiology and 
pathology. If those assessed and those not assessed by the PART 
are comparable, the PART appears to significantly decrease the 
incidence of CPR and may also decrease mortality. If the need for 
CPR can be prevented, lives can almost certainly be saved. 
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A multi-centre study of obstetric admissions to 
intensive care units in Southern England 


J. F. Hazevcrove, C. Price, J. PAPPACHAN AND G. B. SMITH 
Department of Intensive Care Medicine, Queen Alexandra Hospital, 
Portsmouth, Hampshire PO6 3LY 


The Confidennal Enquiry into Maternal Deaths’ provides valuable 
mortality statistics, however less is known about life threatening 
complications of pregnancy and childbirth and the requirement of 
this population for admussion to the intensrve care units (ICU).” 

Data in the ICU admissions between April 1, 1994 and 
December 31, 1996 were analysed retrospectively to identify 
patients admitted either because of complications of pregnancy or 
with concurrent medical conditions whose status was adversely 
affected by parturient state. Data were verified by personal visits to 
the hospitals involved. For all patients, obstetric details, patient 
characteristics, severity of illness data and therapeutic interven- 
tions were recorded. Predicted risks of hospital mortality were 
derived for each patient using three systems; APACHE D, MI and 
SAPS I. Standardized mortality ratios (SMR) were used to com- 
pare observed and predicted hospital outcome. The goodness of fit 
of the three scoring systems was assessed using receiver operator 
characteristic (ROC) curve analyses 

A total of 11 359 patients were admutted to 14 ICU in the study 
period: 210 obstetric patients were identified, representing 1.01% 
(median 0.89% (range 0.18-3.18%)) of all ICU admissions and 
0.17% (0.04-0.6%) of total deliveries in the obstetric units con- 
cerned. Median age was 30 (16—45) yr and the median length of 
stay (LOS) in the ICU was 1 (1-34) days. Therapeutic interven- 
tions are shown in table 12. A total of 205 (97 6%) patients had 
severity of illness data available. Table 12 also shows the observed 
and predicted hospital death rates, SMR and areas under the ROC 
curve for each of the three severity of illness scoring systems. 

Admussions to ICU during pregnancy and childbirth are infre- 
quent, often require minimal intervention and have low mortality, 
with wide variation between ICU. The SMR suggest good ICU 


Table 12 Therapeutic interventions in obstetric patients admitted 
to the ICU during the study period and observed and predicted 
hospital death rates, SMR (with 95% confidence intervals) and 
areas under the ROC curve for each of the three severity of illness 
scoring systems (AII=APACHE H, AIM=APACHE D). *ICU 
LOS <2 days; tsix patients died in the study group 





Interventions Interventions 
% (1) (Range %) 
IPPV 45 (95) 0-78 
Inotropes 19 (40) 0-60 
PAC 13 (28) 0-32 
CVVH 3 (D 0-14 
None of above* 35 (75) 0-60 
Predicted SMR Area under 
deaths (n)' [95% CIJ ROC 
AI 13.8 0.43 [0.16-0.95] 0.98 
All 25.4 0.24 [0.09-0.52] 0.94 
SAPS IL 14.1 0.43 [0.15—0.93] 0.90 


813P 


performance and the ROC data indicate reasonable goodness of fit 
but the small overall numbers limit full statistical inference. 
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Evaluation of predicted and actual length of stay in 
22 Scottish ITU using the acute physiology and 
chronic health evaluation IH (APACHE M) system 
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J. C. Howm* 

*Department of Anaesthencs, Victoria Infirmary, Glasgow G41 9TY 
and {Scottish Intenstoe Care Society Audit Group, Department of 
Anaesthetics, Victoria Infirmary, Glasgow G41 9TY 


The acute physiology and chronic health evaluation (APACHE) 
prognostic system has grown from data ın a single intensive care 
unit (CU) in 1979 to a system that has collected information on 
more than 300 000 admissions worldwide.' Initially, the APACHE 
system was used to predict mortality, but the APACHE II System 
has been developed to predict length of stay in the ICU, in both 
the critically ill and after coronary artery bypass grafting.’ 

In a muln-centre, national cohort study involving 22 adult ICU 
in Scotland, we studied data on 10 327 consecutive pauents Our 
results showed that on an individual basis, there was a poor corre- 
lation between predicted length of stay and that actually observed. 

Regression analysis showed an 7° value of 0.113. This was fur- 
ther broken down into ICU deaths and ICU survivors. Correlation 
for survivors was similar (r°=0.141), but that for ICU deaths was 
much worse (°=0.032). When date were grouped together as pre- 
dicted length of stay (days) and plotted against actual stay, there 
was a consistent over prediction of the nme actually spent m the 
ICU. This was even more apparent in the deaths in the ICU group 

On a centre by centre basis the average ratio of actual:predicted 
length of stay in the ICU was 0.76. These length of stay ratios var- 
ied from 0.55 to 1.16. The correlation of these units resulted in an 
r value of 0.43. This was compared with US data which showed a 
mean length of stay ratio of 0.88-1.21, and a correlanon coeffi- 
cient of all units around the line of identity of 0.78. 

The ability to predict length of stay would provide a measure of 
quality of care complimentary to the standardized mortality rato 
(SMR). However, the current APACHE III methodology does not 
achieve this for the Scottish population. 
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Prognosis of patients admitted to the intensive care 
with life threatening medical complications of 
haematological malignancy: has it changed? 


R. Mart, P. QUINTON AND C. J. HInps 


Department of Intensive Care, St Bartholomew’s Hospital, Smithfield, 
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In the 1980s, we and others documented the poor prognosis of 
patients receiving intensive care for hfe threatenmg medical compli- 
cations of haematological malignancy.’ More recent studies have 
shown that the prognosis is even worse for patients admitted to inten- 
sive care after bone marrow transplantation, especially when they 
require mechanical ventilation.’ We wondered if changes in admis- 
sion policy, supportive treatment (e.g. more frequent use of mask 
CPAP, introduction of pressure lumited ventilation) and the altered 
patient population had been associated with a change in prognosis. 
The case notes of all patients admitted to the intensive care urut 
(ICU) with life threatening medical complications of haematologi- 
cal malignancy over a 5-yr period from January 1991 to December 
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1996 were reviewed retrospectively. The underlying diagnosis, 
nature of the acute illness and treatment received were noted. 
Severity of illness was assessed using the admission APACHE II 
score. Factors significantly associated with in-hospital mortality 
were identified using chi-square or, where appropriate, Fisher’s 
exact test. P<0.05 was considered to be significant. 

Forty-eight patients (26 females) with life threatening medical 
complications of haematological malignancy were admitted to the 
ICU during this 5-yr period. Median APACHE II score was 22 
(range 6-35). Hospital mortality in the 19 patients who had 
received a bone marrow transplant (BMT) was 95% whereas 24% 
of the remaining 29 patients survived to leave hospital. There were 
no survivors among patients with a diagnosis of chest infection 
associated with sepsis (n=11), four or more organ failures (n=7), 
or among those who had undergone pulmonary artery catheteriza- 
tion (n=21), haemofiltration (n=3) or pressure control ventilation 
(n=12). No patient who received norepinephrine (n=18) or dobut- 
amine (n=9) survived. Pulmonary artery catheterization, mechan- 
ical ventilanon and administranon of norepinephrine were 
significantly associated with death in hospital (P<0.01, P=0.03 
and P=0.02, respectively). Among patients who had undergone 
BMT there were no survivors with a diagnosis of chest infection 
(n=15), isolated respiratory failure (n=17) or an APACHE I score 
>20. No BMT patient who received mechanical ventilation 
(n=13) or an epinephrine infusion (n=7) survived. 

These observations suggest that the outcome of intensive care 
for patients with life threatening medical complications of haema- 
tological malignancy who have not received a BMT has not 
changed significantly since the mid-1980s. Our findings also con- 
firm that the prognosis for those patients who have undergone 
BMT is particularly poor, especially when they are admitted with 
respiratory failure. 
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Peptidoglycan derived from the cell wall of a 
non-pathogenic gram-positive bacterium synergises 
with endotoxin to cause organ injury/dysfunction in 
the rat 
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Royal London School of Medicine and Dennstry, Charterhouse Square, 
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In the majority of septic patients with documented bacterial infec- 
tion, both gram-positive (G+ve) and gram-negative (G-ve) organ- 
isms are isolated. Polymicrobial or mixed infections are associated 
with a particularly high mortality.’ We have recently shown that 
pepudoglycan (PepG) derived from the cell wall of the pathogenic 
Gtve bacterium S. Aureus synergizes with low dose E. coh endo- 
toxin (LPS) to cause organ myury—dysfuncton m the anaes- 
thetized rat. Here, we have invesugated if PepG isolated from the 
non-pathogenic G+ve bacterrum B. subtils also synergises with low 
dose LPS in the same model. 

Male Wistar rats were anaesthetized with thiopental 120 mg kg” 
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i.p. Animals then received eather E. coh LPS 0.1 mg kg”, i.v. (n=9), 
B. subtilis PepG 10 mg kg”, i.v. (#=7) or a combination of LPS and 
PepG ın the same doses given together (n=11). A control group, 
(n=8) received an equal volume of vehicle (saline). All rats 
received i.v. saline 6 ml kg'h™ throughout the experiment. Mean 
arterial pressure and heart rate were monitored continuously. 
Blood was collected at 90 min for measurement of tumour necro- 
sis factor-a (TNFa) by ELISA and at 6 h for determination of bio- 
chemical indices of organ injury. In contrast with either LPS or 
PepG alone, the combination produced significant delayed 
hypotension (data not shown), a larger increase in TNFa concen- 
trations and severe organ wyury/dysfunction (table 13). 

These findings may help to explain the relatively hugh mortality 
associated with polymicrobial and mrxed infections, and also the 
deleterious effects of translocation of bacteria, or their cell wall 
components, from the gut lumen. They also suggest that adminis- 
tration of bactencidal antibiotics to patients colonized or infected 
with pathogenic or non-pathogenic G+ve organisms could, ın the 
presence of only small amounts of endotoxin, precipitate shock 
and organ injury. 
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Temperature changes in patients undergoing 
secondary transport 


T. K. Tan, L. ANDERSON, R. FAIRGRIBVE AND A. R. BINNING 
The Clinical Shock Study Group, Western Infirmary, Glasgow 
Gil 6éNT 


Patients undergoing secondary transport are usually critically ill, 
may be sedated, paralysed and undergoing mechanical ventilation. 
All of these can result in heat loss. The journey outside the hospital 
and in the ambulance also results in heat loss which may be detri- 
mental as decreases in core temperature are associated with 
reduced cardiac output, increased systemic vascular resistance and 
myocardial ischaemia.’ Previously, with no definite protocol for 
temperature conservation, we performed an observational study of 
12 patients to assess their temperature changes. This was a follow- 
up study using standardized heat conservation methods, asseasing 
the efficacy of these methods in 20 patients. 

This study was conducted in winter. Patients undergoing sec- 
ondary transport journeys of at least 15 min, who were undergoing 
mechanical ventilation, sedated or paralysed’ were included. A 
nasopharyngeal temperature probe was inserted. Heat conserva- 
tion included using clear polythene applied to the patient’s truncal 
area adjacent to the skin. Patents were then covered with two 
blankets. All had a heat and moisture exchanger. The ambulance 
was heated to a comfortable temperature. Values noted included 
core and ambient temperatures, journey time, mean ambulance 
temperatures at start, mid and end-journey. 

Mean ambient temperature tn the ambulance at the start of the 
journey was 14.2°C (13.1°C in an earlier study where ambulance 
was unheated), mid-jouney 15.7 (14.0)°C and at the end of the 


Table 13 Values are expressed as mean (SEM). *P<0.05, **P<0.01, ***P<0.001 compared with control 





(ANOVA+Bonferront’s post test) 

Group TNFa Creat Bilirubin AST ALT Lipase 
(gm)  (umol litre") (umol litre) Gubtre) Gube) Giu hitre") 

Control 0.6 (0.2) 31 (3) 2.3 (0.4) 182 (26) 73 (6) 3.3 (2) 

LPS (0.1. mgkg^ 14(4)* 36 (3) 3.5 (0.7) 294 (18) 136 (14) 15 (4) 

PepG (10 mg kg”) 12 (2) 32 (7) 4.8 (1) 177 (13) 107 (5) : 12 (6) 

LPs+PepG 47 (3)*** 54 (6)* 16 (3)*** 902(222)** 586(181)** 102 (16)*** 
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journey 17 (15)°C. Mean journey time was 26.1 mun. Patient tem- 
perature changes as a result of the journey were defined as the dif- 
ference in core temperature on arrival at the receiving unit and 
core temperature at the referring site (1.e. core. 2-corel). 
Differences ın core temperatures (core 2—core1) ranged from +0.4 
to -0.3°C. In the earlier study with no standard heat conservation, 
three of 12 (25%) patients had an increase ın (core 2—core 1) of at 
least +0.1°C, 9 (75%) showed no increase or had a decrease in 
(core 2—core 1) of at least 0.1°C. In this current study, 10 patents 
had an increase of at least +0.1°C. Ten of 20 patients (50%) had 
no increase or showed a decrease in core temperatures of at least 
0.1°C. 

With attention to heat conservation, the percentage of these at 
risk patients gaining body heat over the journey period increased 
from 25 to 50%. These heat conservation methods did not add any 
significant costs, and will subsequently be our standard practice. 
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The auditory evoked response in cerebral malaria 
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The auditory evoked response (AER) reflects the function of the 
auditory pathway and primary auditory cortex. Changes that 
occur in the AER correlate with depth of anaesthesia and levels of 
sedation,’ and have also been used to predict outcome in certain 
defined conditions requiring intensive care” Parallels exist 
between the coma associated with cerebral malaria and general 
anaesthesia, in that they both produce loss of consciousness, which 
in the absence of other complications, reverses rapidly and without 
sequelae. Similarities in the AER had been noted in a single 
patient with cerebral malaria at Northwick Park. This pilot study 
measured the AER in six patients admitted to Gokwe District 
Hospital, Zimbabwe over a 2-week period with coma secondary to 
malaria confirmed by blood screening. Each patient had AER 
recordings for 1—4 days depending on outcome. 

The auditory brain stem response was evident in all six patients. 
In most cases the early cortical complex Pa/Nb/Pc was clearly rep- 
resented and was simular to the AER we have seen at light levels of 
anaesthesia. When the patient was in coma, Nb latency increased 
to greater than 45 ms and on recovery reduced to less than 45 ms 
(fig. 3). A similar latency change has been shown previously to 
reflect awakening from anaesthesia.’ An arousal effect in the 
AER was also observed (i.e. shortening of Nb latency) when we 
shouted at the patient, despite the fact that clinically the patient 
was unresponsive. f 

In this small study, no correlanon was found between depres- 
sion of the AER and the Glasgow coma score, which suggests that 
these measurements reflect different aspects of brain pathology. 
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Figure3 AER during malaria coma and on recovery. 
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Procalcitonin and mortality in children with septic 
shock 


M. HATHERILL, S. M. Tipsy, K. SyKes AND I. A. MURDOCH 
PICU, Guy’s Hospital, London SE1 9RT 


We have documented the relanonships between procalcitonin 
(PCT), C-reactive protein (CRP), leucocyte count (WCC) and 
mortality in children with septic shock. Also, we wished to estab- 
lish 1f persistently increased PCT, despite antibiotic therapy, is an 
adverse prognostic indicator. 

Fifty-one children with septic shock, mortality 16/51 (31%), 
median age 29 months (interquartile range (IQ) 2-99 months), 
were enrolled. PCT, CRP and WCC were measured on admission 
to the paediatric intensive care unit (PICU). Sequential PCT con- 
centrations were measured in 15 children. PCT was measured by 
immunoluminometric assay (BRAHMS Diagnostika, Berlin, 
Germany) with reference ranges (ng ml’) of: uninfected <1, viral 
infection <2, localized bacterial infection <5, systemic bacter- 
aemua 5-500. Results were analysed by Mann-Whitney and 
Fisher’s exact tests. 

Median PCT was 91.6 (IQ 22-323) ng ml’, median CRP 86 
AQ 29-112) mg htre’ and median WCC 12.9x10" litre’ (Q 
5.7-18.1x10" litre ). Admission values for survivors and non-sur- 
vivors are shown in table 14. 


Table 14 Admission values of PCT, CRP and WCC ın survivors 
and non-survivors 


Non-survivors 





Survivors 

(n=35) (69%) (n=16) (31%) P 
PCT 76 (22-236) 314 (84.7-500) 0.01 
CRP 101 (43-114) 55 (26-108) 0.28 
WCC 14.2 (9.0-19.5) 5.6 (4.2-16.0) 0.05 


Failure of the 24-h PCT to decrease to less than the admission 
concentration was associated with 63% mortality (five of eight 
patients), in contrast with zero mortality ın those seven patients 
whose PCT decreased with treatment (P=0 025) Persistently 
increased PCT had a positive predictive value of 63% and a nega- 
tive predictive value of 100% for mortality. 

In summary, we conclude that persistently increased procalci- 
tonin concentrations, despite treatment, is an adverse prognostic 
indicator in children with septic shock. 


Keywords: complications, septic shock; complications, 
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Microvascular changes in children with 
meningococcal disease 
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Venous occlusion plethysmography (VOP) has previously been 
used in the non-invasive assessment of microvascular filtration 
capacity (Kf) and 1sovolumetric venous pressure (Pvi) in humans.’ 
Previous studies in healthy children have shown an age dependent 
variation in Kf. Greater permeability of new microvessels has pre- 
viously been documented’ and may be implicated to explain this 
variation. Our preliminary data have been compared with the 
appropriate age-matched controls from these studies. We have 
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used VOP to quantify changes in the microcirculation in children 
with meningococcal disease (MD). MD is associated with a pro- 
found capillary leak syndrome, the exact aetiology of which 
remains unclear. 

We used a cumulative congestion pressure step protocol’ for the 
assessment of Kf and Pvi in the calves of subjects. A total of 20 
children with MD were studied (nine males; age range 1.25- 
16 yr). Kf is significantly increased in children with MD 
(P=0.035) and is highest in children less than 5 yr. Pvi in these 
children showed a linear relationship with Kf (fig. 4). 
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Figure 4 Relationship between Kf and Pyi m meningococcal 
disease. 


We have demonstrated that VOP can be used to quanufy the 
increased Kf in children with MD.’ Kf and Pvi appear linearly 
related. This 1s in keeping with passive tilt studies performed in 
healthy adult volunteers which have demonstrated an mcrease in 
Pvi related to the veno-arteriolar reflex which is activated by pas- 
sive tilting.” We postulate that sepsis (resulting in increased Kf and 
post-capillary obstruction caused by white cell margination) and 
passive tilting (secondary to reflex arteriolar vasoconstriction) 
both cause decreased microvascular flow, reflected in an increase 
ın measured Pvi. In MD, increased Pv may reflect decreased 
nutritive flow and the risk of subsequent multiple-organ failure. 
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Binding of calcium to albumin and gelatin solutions 
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Up to 45% of total plasma calcium binds to serum albumin. The 
ionized fraction of calcium may increase in hypoalbuminaemia. 
Conversely, giving exogenous albumin may reduce ionized cal- 
cium.’ Gelatin solutions are commonly used as plasma expanders 
in the critically ill. The extent to which calcium binds to gelatin 
may differ from albumin. We wished to study the m vitro binding of 
calıum to human albumin solution and a succinylated gelatin 
solution. 

We prepared sıx concentrations of albumin (Zenalb, BPL, 
London, UK) and five concentrations of Gelofusine (B Braun Ltd, 
Aylesbury, UK). We used 0.9% saline as a control solution. To each 
solution we added varying concentrations of CaCl. Ionized Ca” 
and H* concentrations were measured using a Ciba-Corning 288 
blood gas system machine. 

At all concentrations, ionized Ca” was the same as the total cal- 
cium in the saline solution. The ratio of the measured 1onised Ca” 
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concentrations for the albumin and Gelofusine series of solutions 
are given in table 15. In all but two comparisons, 1onized Ca” was 
higher in the albumin solution. 


Table 15 Ratio of 1onized calcium concentrations for 
albumin:Gelofusine 





CaCl, concentration (mmol litre”) 








Albumm—Gelofusine 

concn (%) 3.0 2.5 2.0 1.5 10 05 
4.0 1.14 1.17 1.20 1.19 1.27 1.38 
3.0 1.15 1.14 122 1.09 1.17 1.11 
2.0 1.23 1.17 1.10 1.12 1.13 1.07 
1.0 0.99 1.04 1.03 0.97 1.10 1.10 
0.5 1.18 1.15 1.10 1.01 1.22 1.11 


These data show that Gelofusine binds calcium to a greater 
extent than albumin. This may be a function of pH (albumin 
pH 6.5+0.1; Gelofusine pH 6.68+0.17). Ca”—albumin binding 
may be decreased at lower than physiological pH.” 
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Clinical associations with bacterial translocation 


C. J. O’Bov ez, D. ZRIGLER, C.J. Mrrcsexr, J. MacFir, 
P. M. Buckley AND H. Doran 
Combined Gastroenterology Unut, Scarborough Hospital. 


Gut translocation of bacteria (BT) may be important in the aetiol- 
ogy of multi-organ failure. Surprisingly little information is avail- 
able as to the prevalence of this phenomenon in different patient 
groups. In this study, gut translocation of bacteria was assessed by 
culture of mesenteric lymph nodes and serosal scrapings taken at 
laparotomy Standard microbiological techniques were used. 

A total of 448 patients were studied. BT to mesenteric lymph 
nodes was identified in 69 patients (15.4%). Comparison of indi- 
vidual patient groups revealed no significant difference in the mci- 
dence of translocation between benign and malignant disease 
(17% os 13%), inflammatory bowel disease and other GI disease 
(20 vs 15%), significant weight loss and no weight loss (10% vs 
15%) and total parenteral and enteral feeding (18% vs 14%). 
However, translocation was more common in patients with intesti- 
nal obstructon (30%) than in those without obstruction (13%, 
P<0.01). The more distal the level of obstruction, the greater the 
incidence of translocauon Postoperative septic complications 
were more common in patients with confirmed BT (P<0.001). 

We conclude that the incidence of BT 1s highest in patients with 
intestinal obstruction. 
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Catheter related sepsis (CRS) surveillance in an ICU 


E.T. CURRAN, M. G. Boor, L. DICKSON, M. LOCKHART 
AND J. Hoop i 
Glasgow Royal Infirmary Universuy NHS Trust, Glasgow G4 OSF 


Surveillance of hospital acquired infection reduces incidence 
when relevant data are fed back to clinicians.’ Surveillance of 
catheter related sepsis (CRS) has been ongoing in our ICU since 
May 1996. CRS decreased from 4.79 per 1000 occupancy days to 
1.4 per 1000 days with monthly feedback to ICU ataff. We 
describe the methodology 

All blood culture results (positive and negative) were reported 
via a printout to the ICU on a weekly basis. Using standard defini- 
tions’ the ICU and microbiologist assessed the result to determine 
if the outcome was one of the following: (a) blood stream infec- 
tion, (b) catheter related sepsis or (c) ICU acquired CRS. 
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Figure 5 Catheter related sepsis (CRS) ın the ICU per 1000 days (excluding burns patients). 


Occupancy data were provided by the operations manager. The 
NNIS surveillance results were used for comparison.” Monthly 
feedback to an anaesthetist and sister was established. Daily cen- 
tral device use data were collected. 

For the first 6 months the CRS incidence density was less than 
the NNIS 25% (1.14). However, the second 6 months yielded 
results above the NNIS median graph (fig. 5). The first feedback 
was completed by April 1997. Device unlistion for 35 days was 
100%. 

At least 9 months’ data are needed to determine a true CRS 
rate. In our ICU occupancy data were a good proxy for device use. 
CRS appears to be more likely when the ward is busy. Surveillance 
with feedback reduced incidence. 
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Plasma antioxidant activity towards phospholipid 
hydroperoxide is reduced in septic shock 


R Hurst*, Y. Bao*, G. WitLiaMson*® AND S. RDLEYŤ 
*Biochemistry Department, Institute of Food Research, Noraich NR4 
7UA and Intensive Care Unu, Norfolk and Norunch Hospital, 
Norwich, NR1 3SR 


In various diseases, products of oxidative stress create a great 
problem for the body’s defence mechanism. Protection against 
damaging products, such as lipid hydroperoxdes, is an essential 
process. 

We have examined the ability of plasma, from normal and septic 
shock subjects, to detoxify a phospholipid hydroperomde 
Reduction of the phospholipid hydroperoxide, 1-palmuitoyl-2- 
(13-hydroperoxy-cts-9, trans-1 1-octadecadienoyl)-L-3-phosphatidyl- 
chohne (PLPC-OOH)’ was determined using a sensitive and spe- 
cific high performance liquid chromatography (HPLC) method.* 
The free sulphydryl (SH) content of each plasma sample was also 
measured by titranon with 5,5’-dithiobis (2-nitrobenzoic acid).’ 
Mean activity and free SH content of plasma from 18 normal and 
15 septic shock subjects are shown in table 16. 

The plasma antioxidant activity of septic patients on the phos- 
pholipid hydroperoxide was lower than the plasma activity from 


normal subjects; sulphydryl content was also less than 50%. 
However, the specific activity on phospholipid hydroperoxide was 
not reduced; both the septic and normal plasma samples were 
capable of reducing 0.05 nmol PLPC-OOH/mun/mg of protein. 

We have found previously that human serum albumun is respon- 
sible for the majority of the activity towards PLPC-OOH in 
plasma. Thus the difference between the normal and septic plasma 
samples may be attributed to a loss of album, with no change in 
the quality of the remaimung albumin. 

Overall, the results showed that sepnc shock patients have 
decreased protection against plasma phospholipid peromdation. 
The clinical value of maintaining plasma anuoxidant potential by 
modification of albumin and sulphydryl contents in septic shock 
subjects has yet to be established. 
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Functional iron deficiency in critical illness 


M.V. PATTER, J. A. GEDNEY AND M. C. BELLAMY 
Intensive Care Unit, St James’s Umversity Hospital, Leeds LS9 7TF 


Functional iron deficiency (FID) has been described in renal fail- 
ure, nutritional deficiency and chronic il health. An approach to 
assessment of FID has been proposed by MacDougal and col- 
leagues.' We have used this to quantify FID ın patients presenung 
to the intensive care unit (CU), in an attempt to assess its conse- 
quences on outcome. 

Fifty-one sequential adult patients presenting to the ICU were 
studied. Exclusion criteria were massive transfusion (>8 u.), 
pregnancy and age >80 yr. Patient characteristics included age, 
APACHE II score, “elective” os “emergency” admussion. We 


Table 16 Mean actrvity of PLPC-OOH and free sulphydry! (SH) content of each plasma sample from 


18 normal and 15 septic shock subjects 


Activity towards 
PLPC-OOH 
Plasma type (amol/min/m! plasma) 
- Normal 3.62'(0.95) 
Septic 2.28 (0.67) 


Free SH content Human serum albumin 
(umol SH/ml plasma) (mg mI") 

0.46 (0.04) 55 (3) 

0.19 (0.07) 25 (11) 
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measured admission and subsequent (3 daily) ferritin concentra- 
tions, haemoglobin and FID (proportion of hypochromic red 
blood cells measured by flow cytometry). Primary outcome vari- 
able was duration of ICU stay, and secondary variables included 
hospital stay and mortality. Results, expressed as median 
(interquartile range) or mean (95% confidence interval) as appro- 
priate, were analysed by Kaplan—Meier analysis, Fisher’s exact test 
and Mann-Whitney U test. 

FID was present in 35% (95% CI 22-48%) of patients at ICU 
admission, as defined by more than 10% of red blood cells exhibit- 
ıng hypochromasia. Comparing FID and non-FID patients, emer- 
gency admission (15/18 vs 23/33), age (60.5 (48-74) os 59 
(42-67) yr), ferriun (342 (66~703) us 292 (132-1640)), haemo- 
globin (10.7 (9.3-11.5) vs 10.8 (9.4~-12.1)) and APACHE H score 
(18 (14.5~24) vs 18.5 (11-25)) were sumular in the two groups (ns). 
Mean ICU stay was 7.6 (95%CI 4.4-10.8) vs 3.3 (2.0-4.5) days 
(P<0.0007) (fig. 6). 
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Figure6 Mean duration of ICU stay in the functional iron 
deficiency (FID) and non-FID groups. 
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FID 1s seen in critically ill patients presenting to intensive care. 
FID could not be detected on the basis of haemoglobin or serum 
ferritin. Severity of FID correlates with duration of ICU stay. 
Further work is required to assess the effect of FID on organ sys- 
tem failures and its correction on outcome. 
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Potent fibroproliferative growth factors are present 
in bronchoalveolar lavage fluid at the onset of the 
acute respiratory distress syndrome 
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N. Gotpsacx*, R. CHAMBERS*, R. McANULTY*, A. WEBB 
AND G. J. LAURENT* 

*Centre for Cardiopulmonary Biochemistry and Respiratory Medicine, 
Intensive Care Unit, Umversity College London Medical School 


Interstitial and alveolar fibrosis is a significant cause of mortality in 
the acute respiratory distress syndrome (ARDS) with a doubling 
of lung collagen content observed in patients surviving more than 
2 weeks.’ Current hypotheses propose fibroproliferation as a late 
event in ARDS. However, the temporal relationship between the 
onset of fibroproliferation and the clinical course of ARDS 18 far 
from clear and the profibrotic factors which drive this process are 
not identified. 

In contrast with current dogma, we hypothesized that fibropro- 
lferanon is occurring at the earliest stages of ARDS and that 
fibroblast growth factors such as thrombin would be detectable in 
bronchoalveolar lavage fluid (BALF) at this time point. Patients 
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fulfilling the ERS/ATS consensus criteria for ARDS underwent 
BAL within 48 h of onset. The mitogenic activity of this BAL fluid 
on human fetal lung fibroblasts (HFL-1) was assessed by incubat- 
ing cells for 48 h with serial dilutions of the lavage. 

Initial studies in seven patients demonstrate that ın all cases 
BALF from this time was mitogenic for fibroblasts with a mean of 
62% (range 28-119%) stimulation above control at a 1:16 dilu- 
tion This compares with 49.7%, 26.8% and 45.4% stimulation in 
patients with systemic sclerosis, idiopathic pulmonary fibrosis and 
sarcoidosis, respectively, and is the highest mitogenic activity we 
have so far detected in BALF from any interstitial lung disease. 
Control lavage did not stimulate fibroblast proliferation. 

These data support the hypothesis that fibroproliferative factors 
are present in BALF from the onset of ARDS, suggesting fibropro- 
liferative and inflammatory events are occurring in parallel rather 
than in series. This hypothesis is supported further by a study of 
procollagen pepude II (a marker of collagen turnover) which is 
increased within the first 24 h of ARDS.’ We are currently identify- 
ing the growth factors responsible in sequential BALF samples. 
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Acute brain injury: quantifying neuro~metabolic 
changes using chemical shift magnetic resonance 
imaging 
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J. M.WarbLAaw*, I. MARSHALLĦ, J. CAnnonž*, P. A. Jones* 
AND E. G. MCKEATNG* 
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Defining the extent of acute brain injury from trauma (TBD or 
subarachnoid haemorrhage (SAH) has important implications for 
neuro-intensive care management and prognosis. Diagnosing dif- 
fuse axonal injury and central brain lesions 1s becoming easier with 
MRI; spectroscopic imaging (SI) using chemical shift maging 
(CSD allows construction of a metabolic map ın selected brain 
volumes of interest (VOI) which may indicate areas of occult neu- 
ronal injury. Our study uses CSI to investigate the acute period 
following brain injury. 

Nine patients were studied (seven males), aged 18-64 yr (mean 
38 yr). Seven patients with severe TBI (GCS<8), one with moder- 
ate TBI (GCS 9) and one with delayed ischaemic deficit from 
SAH were admitted to the intensive care umt and received treat- 
ment according to our standard protocols to reduce secondary 
insults to the brain. In five patents whose lungs were ventilated 
and in four who breathed spontaneously (discharged from ITU) 
T2 and CSI imaging were performed, 4-26 days (mean 13 days) 
after injury using a Siemens 63 SP 1.5 Tesla Magnetom scanner. 
Spectra (fig. 7) were generated for each of the 20 voxels (volumes) 
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Figure 7 Spectra generated for each of the 20 voxels within the 
VOI, and from the area under the curves a metabolite map was 
constructed for N-acetyl aspartate (NAA), choline (Cho) and 
creatine’ (Cr); three metabolite concentration areas were compared. 
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within the VOI, and from the area under the curves a metabolite 
map constructed for N-acetyl aspartate (NAA), choline (Cho) and 
creatine’ (Cr); three metabolite concentration areas were com- 
pared: areas of injury on T2 vs contralateral area vs control. 

The Mann-Whitney test showed significant differences in the 
concentration of NAA between the lesion and control (P<0.002), 
and between the contra-lateral area and contro! (P<0.02). Two 
sample ¢ tests failed to show a difference between NAA ın the 
lesion and contralateral areas (P=0.055), and there were no signifi- 
cant differences in concentrations of the other metabolites 
although choline in the lesion compared with the control 
approached statistical significance (P=0.064). We could not 
demonstrate a lactate peak in any of the patients. 

‘This 18 the first report of CSI ın acute bram injury and we have 
demonstrated a significant reduction m neurone specific NAA 
both in areas where there is a visible lesion and apparently normal 
areas with occult injury. CSI allows accurate measurement of 
brain metabolites, specific regions of interest within the VOI can 
be delineated and calculated separately—a property unique to this 
technique. NAA is found only in neurones and 1s reduced in areas 
of neuronal damage.’ Choline is the breakdown product of cell 
walls, and creatine 1s involved in cell energy transfer. It may be 
possible to use this technique to guide therapy, monitor recovery” 
and aid outcome prediction. 
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Agreement and artefact: measuring ICP during MR 
imaging 


C. S. A. Macman*, J. M. Witpt, I. MARSHALLY, 

P. A. ARMITAGEȚ, J. CANNON%, V. J. EASTON*, 

J.M. Warpiaw* anD P. J. ANDREWs* 

Departments of Anaesthetics, }Clincal Neurosciences and tMedical 
Physics, Uniwersity of Edinburgh, Edinburgh EH4 2XU 


‘This is the first report on the function and image artefact genera- 
tion of an intracranial pressure monitor Codman microsensor/ 
Johnson & Johnson Professional, Inc. Randolph, MA, USA) in a 
magnetic resonance scanner. We have investigated the function of 
the Codman ICP monitor within an MRI scanner during T2 
weighted, spectroscopy, and diffusion weighted imaging 
sequences, and quantified image artefact generation. 

The Codman ICP monitor has three parts: strain gauge trans- 
ducer, standard 3-m connector cable and the display unit “express 
box”. In the MRI scanner the express box must be kept distant 
from the magnet, and therefore a longer 12.5-m connector cable 
was used. A water manometer was used as the standard to generate 
pressure and was used to test the 3-m and 12.5-m cable outwith 
the MR scanner. We then tested the Codman ICP monitor in the 
MR scanner with the express box exposed to a 3-m Tesla magnetic 
field 4.5 m from the isocentre of the 1.5 T magnet while running 
three types of sequence: (1) T2 weighted, (2) spectroscopy and (3) 
diffusion weighted umaging. The second assessment of the 
Codman ICP monitor was to ascertain the artefact generation on 
'T2 imaging of a volunteer. A baseline T2 mage was obtained then 
repeated three times; on each occasion another piece of Codman 
equipment was added: (a) transducer (taped to the forehead), 
(b)12.5-m connector cable and (c) express box. The images were 
each assessed for quality visually by a blinded consultant neuro- 
radiologist, and by calculating the signal to noise ratio. 

‘Taking the water column as the standard there was excellent 
agreement for comparisons of water with the Codman (using the 
standard 3-m and the 12.5-m connector cables (limits of agree- 
ment <3.5 mm Hg)). In the MR scanner running the three types 
of sequence (T2 weighted, spectroscopic, and diffusion weighted 
imaging (DWD) and using the Codman with 12.5-m cable the 
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agreement was good for each type of scan sequence between 
the water column and the Codman value (limits of agreement 
<5.5 mm Hg), except during DWI (limits of agreement <14 mm 
Hg). The visually assessed quality of the volunteer T2 weighted 
images were excellent for the baseline, transducer and transducer 
with 12.5-m connector cable. The image produced with the whole 
Codman ICP monitor (transducer, 12.5-m connector cable and 
express box) was grainy but interpretable. The calculated 
signal:noise ratio of the scan with the whole Codman was reduced 
by 60% compared with the control and other two scans. 

The Codman ICP monitor has been shown to have a rapid 
response, reliability,’ accuracy and stability over tume. It 1s rela- 
tively straightforward to perform CT scans on acutely brain 
injured intensive care patients. In the strong magnetic field of a 
magnetic resonance scanner, monitoring equipment must be 
made specially or converted to function in such an environment. 
Knowledge of this equipment and of the hazards a magnetic envi- 
ronment creates is mandatory for anyone involved in anaesthetz- 
ing patients in MRL We have shown that it is safe to use the output 
from the Codman ICP monitor to guide patient management 
while in the MR scanner, and that the MRI images obtained are 
acceptable for clinical purposes. 
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Acute brain injury and the ECG: QT dispersion is 
increased 
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For many years it has been known that patients develop ECG 
changes after subarachnoid haemorrhage (SAH). We have 
analysed the admission ECG of 21 patients wth SAH and 15 
patients with traumatic brain injury (TBI) for sumple abnormali- 
ties and QTc dispersion’—a quantitative measure of myocardial 
repolarization and the difference in QT duration of the longest 
minus the shortest QT interval, corrected for heart rate, of a 12- 
lead surface ECG. A large dispersion indicates an arrhythmogenic 
potential, and it may be influenced by catecholamines. 

Patients with acute brain injury admitted to the ITU had ECG 
performed within 24 h of admission. These ECG were analysed for 
simple abnormalities—rate, rhythm, axis, block, conduction, 
p-wave, QRS, ST segment and T-wave changes. One point was 
given for each abnormality. The QTdc (ms) was calculated for 
each ECG using a standard digitizng board.” 

We analysed the ECG of 21 patents with SAH (five males) 
mean age 34 yr, and 15 patients with TBI (12 males), mean age 49 
yr. In total, 26 of 36 patents with acute bram injury (72%) clearly 
demonstrated simple ECG abnormalines. In the SAH group, 13 of 
21 patients (62%) had simple ECG changes with scores ranging 
from 0 to 6 (median 1). Thirteen of 15 TBI patients (87%) also 
had simple ECG changes with a score of 0-4 (median 2). There 
was no significant difference in ECG scores between the 
two groups. QTdc was very prolonged in both groups (normal 
<50 ms). In SAH, mean Qtdc was 90 ms, compared with 81 ms in 
TBI (ns). Of the SAH patients, seven developed neurogenic pul- 
monary oedema (NPO) and mean QTdc was 94 ms compared 
with 85 ms in the SAH patients who had no NPO (ns). 
Comparing ECG score with QTdc, there was no difference in the 
means of each score group (fig. 8), mcluding ECG with a score of 
zero. In this group with apparently normal ECG, mean QTdc was 
81 ms, 

An increased QTdc predisposes to arrhythmuas and a value of 
less than 50 ms 1s found in healthy individuals, When prolonged it 
predicts sudden death in patients with chronic heart failure, dia- 
betes and renal failure—presumed to be a result of arrhythmias. 
Myocardial depression and arrhythmias may cause serious sec- 
ondary insults to the injured brain.* We have confirmed the ECG 
changes reported many times in SAH, and shown that a traumatic 
msult to the brain results in sumiar ECG changes, perhaps medi- 
ated via catecholamine release. It has been suggested that under 
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Figure 8 ECG score vs Qtdc. 


the influence of neurohormonal changes and alterations in auto- 
nomic tone, QT dispersion 1s prolonged.’ We have demonstrated 
QT dc to be prolonged in this population not only in those with 
abnormal ECG but in those with ECG which appear completely 
normal. 
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An observational study of the incidence of 
myocardial injury in the ICU using daily estimations 
of troponin I, CK MB, myoglobin and daily ECG 


J. S. Nosre*, A. M. Remt, L. V. M. Jorpant, 

A. C. A. GLENȚ AND A. Davipson* 

*Departments of Anaesthetics and }Chnical Chemistry, Victoria 
Infirmary, Langside Road, Glasgow G42 9TY 


Increased cardiac troponin I (cTnI) 18 a highly specific and sensi- 
tive marker of myocardial damage and may allow recognition of 
lesser degrees of myocardial injury. We compared cTnl with ECG 
and CK MB concentrations in the detection of myocardial injury 
in an unselected series of medical and surgical ICU patients. 

Information on patient characteristics was collected. Baseline 
heart rate, arterial pressure, heart rhythm and use of inotropic 
agents were recorded prospectively by nursing staff on a daily 
basis. Daily ECG were recorded and read on the same day. Blood 
specimens for esnmation of myoglobin, CK MB and cTnI concen- 
trations were collected each day and analysed at the end of the 
study period, We studied 109 consecutive admissions to the ICU 
of the Victoria Infirmary, Glasgow. 

Of the 109 panents (55 females), 60 were admitted from theatre 
and 49 from other areas of the hospital. Median age was 68 
Gnterquartile range 50.25-74.75) yr. Median APACHE II score 
for the 98 mndrviduals who had scores calculated was 19 (range 
3-42). SMR by APACHE III for our patient cohort was 0.98. 
ECG abnormahues (development of LBBB or ST segment 
depression >1 mm or T inversion in two leads or more) developed 
in 56% (61 of 98) of patients during ICU admission. cTnI con- 
centrations were increased in 70.6% (77 of 109) of our patients 
(normal <0.1 g litre”). In 44% (48 of 109) of cases, cTnI concen- 
trations were >0.5 g litre’ (0.5 g htre™ is the laboratory threshold 
value for diagnosing acute myocardial infarction). All subjects in 
an unmatched control group of “non-cardiac” in-patients consist- 
ing of 41 males (median age 62 yr) and 57 females (median age 70 
yr) had cTnI concentrations of <0.1 g litre’. Also, all subjects in a 
second control group of 46 females (median age 32 yr) and 12 
male volunteers (median age 42 yr) had cTnI concentrations of 
<0.03 g ltre™. Of those with increased cTnI concentrations, 
70 had ECG. Seventy percent (49 of 70) of this group developed 
ECG abnormalities. Myoglobin concentrations were increased 
in 91% (99 of 109) of our patients (normal <70 g litre’); 71 5% 
(78 of 109) had increased CK MB concentratons (normal 
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<5 g litre"). ECG were available for 70 of the patients with 
increased CK MB concentrations and within this group 70 % (49 
of 70) developed abnormalities at some stage. While in the ICU 42 
of 98 (42.8%) patients had both ECG abnormalities and increases 
in CK MB and cTnI concentrations. 

Using the cardiac specific cTnI assay, we found a 70.6% incidence 
of myocardial injury in our ICU population which exceeds the 15% 
observed in two American medical ICU.’* A total of 70% of individu- 
als with increased cTnl concentrations developed ECG changes 
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An audit of mortality for combined renal and 
respiratory failure in Scottish ICU 
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We attempted to define mortality for combined renal and respira- 
tory failure in Scotnsh intensive care units (CU) and to compare 
outcomes across units with widely varying levels of dialysis activity. 

This was a retrospective audit of 11 ICU, representing 78% of 
units in Scotland undertaking dialysis. Patients undergoing dialy- 
sis and ventilation were identified from daily entry of therapeutic 
intervention scoring system data (TISS). Outcome was identified 
by survival at ultimate hospital discharge and severity of illness on 
first admission to the ICU determined by the acute physiology and 
chronic health evaluation score (APACHE ID All patients identi- 
fied as undergoing both ventilation and dialysis had this confirmed 
by case-note review. For a 2-yr period between 1995 and 1997, we 
validated 470 incidences of combined renal and respiratory failure 
(defined by the need for both dialysis and ventilation). 

When data were obtained directly from the database, 922 patients 
were identified with a hospital mortality of 48.3%, considerably 
lower than that reported previously. Following the validation process, 
470 panents were identified with a hosprtal mortality of 64%, which 
compares with a predicted mortality (based on their first 24 h in the 
ICU) of 52.6%. Table 17 shows the results as number of patients 
dialysed in each ICU during the study period With the exception of 
the unit which dialysed only one patent (Unit A), mortality varied 
between 50% and 74.3% with no obvious relationship between 
observed mortality or standardized mortality ratio (SMR) and num- 
ber of patients dialysed. Of the eight most common admission diag- 
noses, septic shock and pneumonia resulted in the worst outcome. 
Duration of dialysis did not influence the observed outcome. 

Scottish ICU demonstrate a wide range of dialysis activity. In 
spite of this, overall mortality for patients with combined renal and 
respiratory failure was as good as that described previously.” * 
There was no obvious relationship between number of patients 
dialysed and outcome. This suggests that no improvement in qual- 
ity of patient care for this high-risk group could be produced by 
further centralization of care for such patients. 
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Table 17 Number of patents, and observed and predicted mortality for each ICU 











Unit 

A B C D E F G H I J K 
No. of patients I 13 16 18 22 30 34 35 81 82 138 
Obs. mort. (%) 100 62 50 56 68 67 53 74 64 65 65 
Pred. mort. (%) 21 61 53 46 56 54 51 52 52 55 52 
SMR 4.7 1 1 1.2 1.2 1.3 1 1.4 1.2 1.2 1.3 


2. Gillespie DJ, Marsh HMM, Divertie MB, Meadows JA. Chest 
1986; 90: 364-369. 


Portable ultrasound for difficult central venous . 
access 


A. HATFIELD AND A. BODENHAM 
General Intensive Care Unit, Leeds General Infirmary, Great George 
Street, Leads LSI 3EX 


Central venous catheterization 1s a common invasive procedure 
with a diverse range of complications. Early complications are often 
telated to blind needle insertion. Morbidity and mortality from 
needle insertion is likely to be under-reported. Ultrasound guid- 
ance has been shown to improve successful catheter placement and 
reduce complications compared with surface marking placement.’ 
Patients in whom central venous catheterization (CVC) can be 
considered more difficult than usual regularly present from inten- 
sive care, renal and haematology units. We identified patients with 
anticipated “difficult” CVC using the following criteria: coagulopa- 
thy (including low platelets); altered surface anatomy; abnormal 
vascular anatomy; limited sites for access; previous multiple punc- 
tures or sites required; and previous complications. 

Patients were examined by intensive care staff at the bedside 
with a portable ultrasound (US) machine with a 7.5-MHz linear 
array probe (Scanner 100; PIE Data UK Ltd). Internal jugular, 
subclavian and femoral veins (six sites) were scanned with the 
patient supine and their head in the neutral position. We aimed to 
determine the following: (1) opumum sites for access Gnfluenced 
by distensibility of veins during valsaiva or head down and relation 
to nearby structures such as arteries); (2) reasons for previous fail- 
ures and/or comphications (very small vein, thrombus, etc.). 

Information gained could then be used to enhance confidence 
m the operator using tradinonal surface landmark technique or 
real-time ultrasound guidance could be used. Thirteen patients 
(eight males; aged 29-79 yr) were examined. Hight (62%) patients 
fulfilled three or more criteria for anticipated “difficult” CVC. In 
six (46%) patients, CVC at two or more sites had previously been 
attempted. In five of these (83%), US provided a probable cause 
for failure (e.g. very small vessel, thrombus). Four patients had all 
six sites available by clinical judgement but only one patient had all 
sites deemed suitable by US. In two patients, US led to tm situ lines 
being re-wired as other sites were considered unsuitable. Of the 13 
patients, one refused further attempts at CVC after US examina- 
tion. In the remaining 12 patents first pass CVC was successful in 
10 (83%). Two and three passes were required in two patients. 
These two patients had complications associated with venepunc- 
ture (artery punctured; two sites required). 

Portable ultrasound is smple, safe and quick. In cases of “diffi- 
cult”? CVC it can explain previous failures and complications. It 
enables the opumum site for further attempts to be chosen. A high 
first pass success rate is achieved 1f attempts are US or surface land- 
mark guided. These findings are similar to those found by other 
investigators using US in difficult cases of central venous access.” 
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Portable ultrasound before percutaneous 
tracheostomy 


A. HATFIELD AND A. BODENHAM 
General Intenstve Care Unit, Leeds General Infirmary, Great George 
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Percutaneous dilatational tracheostomy (PDT) 1s a common and 
safe procedure. However, concerns exist regarding bleeding and 
para-tracheal placement of the tracheostomy tube during blind 
needle and dilator insertion.’ Our experience is that bleeding 1s 
uncommon and usually occurs from an anterior jugular vein (AJV) 
or inferior thyroid vein (ITV). Rare instances of para-tracheal 
placement of the tracheostomy tube have been recognized before 
serious complications ensue. Ultrasound (US) has been used to 
define underlying anatomy before open surgical tracheostomy.” 
Given the blind nature of PDT, prior identificanon of anterior 
neck structures using US is attractive. 

We examined prospectively 11 patients undergoing PDT on the 
intensive care unit using a portable ultrasound scanner with a lin- 
ear array 7.5-MHz probe (Scanner 100; PIE Data UK Ltd). We 
assessed the pre-tracheal anatomy in general with specific atten- 
tion as to the presence of AJV and ITV. We also assessed whether 
the portable scanner could be used to identify the midime of the 
trachea and so aid in correct placement of serial dilators. 

All patients were previously consented for PDT. They were 
sedated, paralysed and positioned supine with a firm pillow under 
their shoulders. Patients were then examined before PDT for 
blood vessels and at intervals during PDT to assess dilator posi- 
tion relative to the trachea. The trachea was identified easily in all 
cases and its midline direction was marked on the skin surface. 
There were no complications (table 18). 

Portable US provides a simple, safe and quick method of assess- 
ing anterior neck anatomy before PDT, in particular for the pres- 
ence of veins vulnerable to myury. Extra vigilance can then be used 
during blunt dissection or the vein can be electively tied off. US 
also enables the midline and approximate level for tracheal punc- 
ture to be chosen. This may be of particular importance in patients 
with poor surface landmarks to guide the procedure. 


Keywords: measurement techniques, ultrasound; surgery, 
tracheostomy 


Table 18 Pre-tracheal anatomy, assessed using ultrasound. AJV=Anterior jugular vein; [T'V=inferior 





thyroid vein 

AJV seen 8/11 (73%) AJV considered vulnerable 3/8 (38%) 
Thyroid isthmus seen 9/11 - (82%) 

ITV seen 3/9 (33%) ITV considered vulnerable’ 3/3 (100%) 
Vulnerable artery seen 2/11 (18%) 
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Tracheostomy in the intensive care unit ICU): 
things have changed 


T. P. Simpson, C. Day, C. J. JEWKES AND A. R. MANARA 
Intensive Care Unit, Frenchay Hospital, Bristol BS16 1LE 


Patients in the ICU require a tracheostomy for a variety of indica- 
tions: long-term ventilanon, to aid weaning or to protect the air- 
way. Since its introduction, percutaneous tracheostomy (PT) has 
become increasingly popular. It has several advantages and our 
experience confirms the short-and long-term safety of the proce- 
dure.'? PT was introduced at our hospital in 1991. 

We audited our practice to determine: (1) if more tra- 
cheostomies were being undertaken since the introduction of PT 
in our hospital and (2) what were the implications for training. 
Details of all tracheostomies performed at Frenchay in the last 13 
yr were collected from theatre registers, the hospital PAS system, 
ICU database and an ICU procedure book. 

We found that the proportion of ICU patients undergoing tra- 
cheostomy increased from a median of 9 0% (range 5.6-9.4%) 
before PT introducton to 18.3 (range 10.9-21.6)% in recent 
years (P<0.01). Since the introduction of PT, the number of for- 
mal tracheostomies performed has greatly decreased reducing the 
opportunities for training of surgical trainees (fig. 9). Of the 474 
PT undertaken, only 16 were performed by surgical trainees, the 
remainder by anaesthetic/ICU staff. 
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Figure 9 Number of formal and percutaneous tracheostomies 
performed in the ICU from 1985 to 1997. 


We conclude that the introduction of PT increased the propor- 
tion of patients undergoing tracheostomy in the ICU, despite no 
change in case-mix This could reflect an under utilization of tra- 
cheostomy in the past, or a relaxation of the indications for the 
procedures at present. The opportunites for surgical trainees to 
learn formal tracheostomy has been significantly decreased. They 
should be offered the chance to learn PT techniques. 


Keywords: Intensive care, audit; surgery, tracheostomy 
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Determination of gastric mucosal Pco,: arterial Pco, 
difference (CO, gap) needed to produce a mucosal 
pH (pHi) of 7.32 in the presence of normal systemic 
pH 


M. Hopson*, D. TurFReyt AND N. P. SuTcurFEt 
*Department of Anaesthesia, HCI Medical Centre, Clydebank G81 
4HX and }Glasgow Royal Infirmary, 84 Castle Street, Glasgow G4 


A pHi of 7.32 18 recognized to be the lower limit of normal’ and 
pHi values <7.32 have been shown to have predictive value for 
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morbidity and mortality in critically ill patients.” The CO, gap, as a 
marker of splanchnic oxygenation, has advantages over pHi in that 
it is unaffected by systemic acid-base balance.’ The object of the 
study was to determine the CO, gap required to produce a calcu- 
lated pHi of 7.32 in the presence of a normal systemic pH (pHa). 

Fifty cardiac surgery patients were studied for the first 8 h after 
surgery. Gastric mucosal Poo, (Preo,) was monitored using gastric 
tonometers (Trip catheters, Tonometnes Inc, USA) connected to 
regional capnometry monitoring (Tonocap, Datex, Finland). 
Gastric pHi and CO, gap were calculated at 2-hourly intervals 
using the formulae: pHi=pHa-og(Pryo/ and Prog 
respectively. All patients recerved raniudine both before and after 
operation. Paired readings of CO, gap and pHi associated with a 
pHa 27.36 and $7.45 were noted and linear regression analysis 
was performed as shown. The [H"] corresponding to a pHi of 7.32 
(48 nmol litre) was substituted into the equation for the line of 
best fit and the CO, gap calculated. 

Seventy-nine paired readings of CO, gap and pHi were obtained 
when pHa was 27.36 and $7.45. The CO, gap to produce a pHi of 
7.32 was found to be 0.94 kPa (fig. 10). 


[H*] (nmol litre™’) 








CO, gap (kPa) 


Figure 10 Linear regression analysis of CO, gap and calculated 
mucosal [H*]. 


A CO, gap rise of greater than 0.9 kPa was required to produce 
a calculated pHi of <7.32 in the presence of a normal arterial pH. 


Keywords: gastrointestinal tract, pH; carbon dioxide, partial 
pressure 
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Use of transoesophageal Doppler to derive cardiac 
output in ventilated children 


S. M. Trssy, M. HATHRRILL AND J. A. MURDOCH 
Department of Paediatric Intenstve Care, 9th Floor, Guy’s Hospital, 
London SE1 9RT 


Transoesophageal Doppler (TOD) is used for continuous haemo- 
dynamic monitoring of critically i] adults. Flow velocities mea- 
sured in the descending aorta expressed as minute distance (MD) 
can be used to derive cardiac output (CO) when combined with a 
proportionality constant. We wished to investigate the usefulness 
of TOD ım children with a view to the creation of a paediatric 
nomogram for CO values, and to quantify the accuracy of TOD in 
measuring changes in CO after fluid administration. 

We studied 60 sedated children undergoing ventilation, median 
age 40 months (range 7 days to 16 yr) and median weight 14 (3-60) 
kg Patients with aortic arch abnormalities and residual shunt were 
excluded. A 5.5-mm diameter, 4-MHz, flexible TOD probe (EDM 
Deltex Medical, Chichester) was placed into the distal oesophagus 
and fixed. Stroke distance, averaged over 10 cycles was used to cal- 
culate MD. Concurrently CO was measured using femoral artery 
thermodiluton (FATD) (COLD Z-021 Pulsion, Munich, 
Germany). Five consecutive measurements using both modalities 
were made, and both averaged. Following this, a bolus of 4.5% albu- 
min was given (5-10 mi kg’) and measurements repeated, giving 2 
total of 120 paired, averaged measurements for analysis. 
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FATD cardiac index ranged from 1.4 to 9.0 (median 4.0) litre 
min” m”, with CO ranging from 0.3 to 9.2 (median 2.8) litre 
min’. Mean coefficients of variation were 3.7% for MD and 5.0% 
for FATD. 

For derivation of the regression equation, the square of patient 
length (cm) (1 was used, as length correlates closely with aortic 
root dimensions throughout childhood. Regression analysis 
yielded the following equation: +=0.667x+0.727, 7=0.811, stan- 
dard error of estimate (see)=0.91, where y=estimated CO and 
x=(MDxI7/10"). 

Analysis of standardized and studentized deleted residuals, 
leverage and Cook’s distance revealed no serious outliers, however 
a raw residual plot suggested unequal variance. To stabilize the 
variance, natural logarithmic transformation of both variables was 
undertaken, which effectively preserved the linear relationship 
between the two variables. This gave the new regression equation: 
3=0.813x+0.129, 7=0.900, sEE=0.27, where: y=In (estimated 
CO), x=In (MDx/’/10"), 0.129=In (intercept), 0.813=slope, which 
is equivalent to the power function model: estimated 
CO=1.138x(MDxi7/10")°"”, Bland Altman analysis, undertaken 
to ascertain if TOD was able to follow changes in CO following a 
fluid bolus, gave a mean bias of 1.2% with lmits of agreement 
(1.96xsp) of 21.5%. 

TOD 18 accurate enough for clinical purposes to both measure 
cardiac output and to follow changes in cardiac output in critically 
il children of all ages. As such, it represents an important 
non-invasive tool for haemodynamic monitoring. 


Keywords: measurement techniques, transoesophageal 
Doppler; heart, cardiac output 


Influence of dopexamine on the duration of 
postoperative colonic inhibition in patients 
undergoing planned colorectal surgery 


A. IZQUERDO-MARTIN AND T. AKHTAR 


Intensive Care Department, Queen Mary’s Hospital , Sidcup, Kent 
DAI 6LT 


Temporary stasis in gastrointestinal function is a known conse- 
quence of major abdominal surgery. Mucosal damage is propor- 
tional to the ume required to establish enteral feeding after 
operation. Dopexamine acts as an agonist at 82 and DAI 
adrenoreceptors both found in the GI tract and preferentially 
vasodilate hepatosplanchnic vessels. Our hypothesis was that this 
restores early gut motility. 

Twenty patients undergoing left-sided large bowel resections 
were randomuzed prospectively before surgery to receive a infusion 
of dopexamine 2 pg kg’ min” or placebo. The infusion was started 
after induction of anaesthesia and continued for the duration of 
the surgery and for up to 24 h after operation. All patients had a 
transoesophageal Doppler probe paced before surgery to continu- 
ously monitor and optimize their cardiovascular status to maintam 
a cardiac index of at least 2.5 litre min’ m°. 

Colonic motility was monitored using radiopaque rings, con- 
tained in a capsule ingested 12 h before surgery. Abdominal radio- 
graphs were obtained immediately after surgery, 24 h after surgery 
and then every 12 h until propagative colonic motility was proved 
in two consecutive films. To comply with radiation safety, no more 
than nine radiographs were obtained. Motility was defined as the 
propulsion of at least 25% of the markers from one colonic area to 
the other.’ 

Three patients did not complete the study; their data were not 
analysed. There was no statistically significant difference in colonic 
motility between the dopexamine and placebo groups. However 
hospital stay in the dopexamine group was statistically shorter 
(table 19). 

As a pilot, this study did not show a significant difference or a 
clear trend to warrant a larger study. The finding of shortened stay 
is in line with other studies,’ concluding that cardiac opumuzation 


Table 19 Colonic motility and hospital stay in the dopexamine 
and placebo groups. No significant differences 


Dopexamuine Placebo 
Colonic motility (min) 5696 (95% CD 4752 (95% CD 
Hospital stay (days) 10.0 (95% CD) 15.6 (95% CD 
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and enhancement of splachnic perfusion could improve the out- 
come of surgical patients and may cause speedy recovery. 
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A comparative study of the incidence of nosocomial 
colonization in patients with closed suction catheter 
changes at 24 vs 48 h 


S. J. QUREE 
Intensive Care Unu, St Helier Hospital, Wrythe Lane, Carshalton, 
Surrey SMS 44A 


It is now generally accepted that venulator circuitry can be used 
safely for more than 48 h without increasing the incidence of noso- 
comial pneumonia. ° The closed sucnon system is considered to 
be part of the ventilator breathing system and has been changed 
historically at 24 h. Since the closed suction catheter becomes a 
part of the ventilator system it should be possible to change it less 


. frequently than every 24 h. We have compared the rates of noso- 


comial colonization ım patients who have had closed suction 
catheters ın situ for 24 os 48 h. 

A total of 73 patients were allocated randomly to have their 
closed suction catheter changed at either 24 or 48 h. Sputums on 
admission, at 24 and 48 h, and suction catheter ups at 24 and 48 h 
were sent for quantitative culture. 

Chi-square analysis showed no significant difference in bacterial 
colonization (P20.05, 1 df) in the 48-h sputum. Logged colony 
counts showed higher colony counts on the 48-h suction catheter 
tips (t test, P=<0.05). 

There was no significant difference in the amount of nosocomial 
colonization between the 24- and 48-h groups. As a consequence 
there is no need to change these systems routinely at 24 h, there- 
fore minimizing tubing manipulation and reducing revenue costs. 


Keywords: infection, bacterial; equipment, breathing system 
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The pressure limited tracheal tube cuff: prevention 
of aspiration of oropharyngeal fluid to the lungs 


E. J. Young, C. Basson, D. HAMILTON AND S.A. RIDLEY 
Intensive Gare Unu, Norfolk and Norwich Hospital, Norwich 
NR13SR 


Micro-aspiration of oropharyngeal fluid to the lungs past the tra- 
cheal tube cuff is a leading cause of ventilator-associated pneumo- 
nia (VAP).' 

A new design of tracheal tube cuff, the pressure muted cuff 
(PLC),’ was compared with the Portex Profile high volume low 
pressure cuff (HVLP), for leakage of dye from the oropharynx to 
the trachea. The PLC tube 1s made of latex bonded at stretch to a 
standard tube so that on mflation within a trachea there are no 
folds within the cuff walls. Critically the cuff inflanon characteris- 
tics are such that with a given intracuff pressure, tracheal wall pres- 
sure is 30 cm HO. 

This was a randomized, controlled study. Patients requiring ven- 
tiation received either a HVLP or a PLC tracheal tube. A fine 
catheter (Portex, epidural catheter) was affixed above the cuffs of 
both types of tube. No lubrication was applied to eather cuff. After 
intubation 0.5 ml of blue food dye was instilled above the cuffs 
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once daily. Routine 4-hourly tracheal suctioning was performed by 
nursing staff and the tracheal wall pressure for both cuffs was 
maintained at 30 cm HLO. This pressure was maintained in the 
PLC with its inflaton device, and in the HVLP cuff by three mes 
daily cuff pressure monitoring. Dye recovered from the trachea 
within 24 h of instillation was recorded as aspiration. 

Forty-six days of ventilation were studied in 12 patients. There 
were no episodes of aspiration in 35 patient days in the PLC group 
and eight episodes of aspiration in the 11 patient days in the 
HVLP group (P<0.0001, Fisher’s exact test). 

This study clearly demonstrated that the new PLC tracheal tube 
prevented leakage of fluid to the lungs in the intubated and 
mechanically ventilated intensive care patient. The impact of this 
on ventilator-associated pneumonia and lung injury has yet to be 
studied. 


Keywords: equipment, tubes tracheal; Intubation tracheal 
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Hypoxic brain injury and neurone specific enolase 


R. E. WEBSTER*, J. PEEL} AND J. G. O’DoNNELLT 
“Departments of Anaesthesia and Intensive Care and }Chnical 
Brochenustry, Northampton General Hospital, Ciftonville, 
Northampton NN1 SBD 


This study was designed to evaluate the possible use of neurone 
specific enolase (NSE) as a prognostic indicator after hypoxic 
brain injury. NSE is a cell specific isoform of the enzyme enolase 
involved in the glycolytic pathway. It is structurally and immuno- 
logically distinct from non-neuronal enolases and is found in brain 
tussue and neuroendocrine cells. When neuronal damage occurs 
after a hypoxic event, NSE 1s released.’ Moderately increased con- 
centrations have been found in patients with non-malignant lung 
diseases” suggesting that there may be a correlation between low 
oxygen tension in the lungs and release of NSE. 

NSE concentrations were measured in serial blood samples 
obtained from all adult patients referred for intensive care after a 
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clinically significant hypoxic event during a period of 10 months. 
Trauma patients were excluded. Two methods were used; a 
radioimmunoassay (Pharmacia) and a fluoroimmunometric assay 
(Wallac Delphia). 

Fifteen patients were studied. There was no significant differ- 
ence between NSE concentrations obtained by either method. 
Figure 11 indicates the peak concentration measured in each 
patient. It was difficult to interpret the results in several patients. 
Patent No. 10 had no data for the ininal 48 h and was also pro- 
foundly hypothyroid. Patients Nos 11 and 12 had intercurrent 
chest infections.” Active treatment was withdrawn from patient 
No. 4 and patient No. 7 died from cardiovascular complications. 
Patient No. 8 was thought to have a poor prognosis and was not 
referred for appropriate care, but regained consciousness after 2 
days and recovered completely. If NSE concentrations had been 
known at the time, different decisions might have been made. 
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Figure 11 Concentrations of neurone specific enolase (NSE) in 
survivors and non-survivors, 








NSE (ug litre”) 


It is very difficult to give a clear indication of the probable out- 
come in unconscious patients after a hypoxic episode. In this 
study, a low NSE concentration appeared to indicate a good prog- 
nosis and a high concentration suggested a poor prognosis. 
Measurement of this enzyme may add valuable addinonal infor- 
mation in such cases. 
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Complication of the transtracheal catheter 


Editor,—-We report an unusual complication of a transtracheal 
catheter used to ventilate the lungs of a patient undergoing fibre- 
optic intubation. 

A 53-yr-old male presented for resection of a carcinoma of the 
floor of the mouth and reconstruction using a free myocutaneous 
radial forearm flap. Airway examination revealed limited mouth 
opening of 1-2 cm but good extension of the neck at the atlanto- 
axial joint. Nasal fibreoptic intubation was planned with the aid of 
cricothyrotomy and tracheal jet ventilation to oxygenate the 
patient’s lungs. Following sedation with propofol, 1% lidocaine 
(lignocaine) was injected first into the skin and then another 2 ml 
into the trachea through a cricothyroid membrane puncture using 
a 23-gauge needle. 

A l4-gauge transtracheal catheter (VBM-Germany) was 
inserted in one manoeuvre through the cricothyroid membrane 
and the introducer withdrawn. Placement in the trachea was con- 
firmed by aspiration of air into a saline-filled syringe, capnography 
and a small jet of oxygen delivered from a high pressure Sanders 
injector, which caused the patient to cough. Anaesthesia was 
induced with propofol and fentanyl, and neuromuscular block was 
achieved with vecuronium. Commencement of assisted ventilation 
using the injector caused immediate swelling with crepitus around 
the catheter site, extending down the anterior aspect of the 
patient’s neck. The catheter was removed immediately, ventilation 
via a face mask was confirmed and fibreoptic intubation per- 
formed with oxygen insufflation and apnoea. No complications 
appeared as a result of surgical emphysema, and the operative pro- 
cedure, including a modified radical supraomohyoid neck dissec- 
tion, was uneventful. 

Subsequent inspection of the catheter demonstrated laceration 
at the junction of the catheter sheath and hub (fig. 1). This had 
allowed oxygen to be forced into the paratracheal tissues despite 
correct placement of the catheter tip into the tracheal lumen. The 
mechanism by which this hole was made is unknown. It may have 
occurred at manufacture, although neither the manufacturer nor 
the suppliers of this transtracheal catheter have received a similar 
report. The introducer needle has a preformed curve and a 30° 
bevel tip. Although at no time was the needle reintroduced into the 
catheter, it is more likely that this perforation occurred at place- 
ment. It is possible that when withdrawing the needle any rotation 
within the plastic catheter could result in a similar cut, although 
we have found this difficult to reproduce in vitro. 

We have found that elective use of a transtracheal catheter to aid 
fibreoptic intubation is highly acceptable. It is of value in patients 
who will not tolerate topical or awake nasotracheal intubation, par- 





ticularly young children, the mentally handicapped anc 
whom communication is difficult.’ Increasingly 
the preferred technique for all patients with a d 
requiring intubation, provided that they have rease 
extension and a palpable cricothyroid membrane. By leaving 
catheter in position after operation, there is an imm j 
able means of ventilation should airway difficulty occur after extu- 
bation.” It has a low morbidity that appears primarily relared to 
tissue emphysema through displacement of the catheter.’ Howe Per, 
barotrauma with resultant pneumothorax has been report bas 
oesophageal puncture, bleeding and haemoptysis. 

Whatever the mechanism of action that caused the perforation, 
this complication could have had serious consequen This case 
highlights the need for constant vigilance when using an oxygen 
injector via a transtracheal catheter for intermittent positive pres- 
sure ventilation of the lungs. 
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Blood transfusion for Caesarean section 


Editor,—We read with interest the article by Rat 
leagues’ describing the use of blood salvage during 
tion. We were surprised that 23.5% of women in the ce Z 
required blood transfusion after operation. As a result, we 
ducted a survey into the use of blood product 
patients in our hospital. During 1997, 642 Caesars 
were performed, of which 32 (4.98%) received blood er 
in the period between the day of operation and € 
Table | shows the indication and timing of transt 
patients. 

This major difference in transfusion rate between 
and those in the study is surprising. Unfortunately, t 
provided on the indications for administration of ble 
















ip 











Figure 1 Photograph of the transtracheal catheter, showing the laceration at the junction of the catheter sheath an 


hub. 
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Table 1 ‘Timing, indication and incidence of blood transfusion 
associated with Caesarean section 





Time of transfusion Indication No. of patients 





Intraoperative Preoperative anaemia 5 
Blood loss 4 
Postoperative Anaemia and/or 


intraoperative blood loss 13 
Post-partum haemorrhage 10 





Table 2 Factors which may be associated with excess bleeding 
during Caesarean section in the two groups 








Factor Blood salvage No blood salvage 
Repeat Caesarean section 14 9 

Multiple pregnancy 7 1 

Placenta praevia 3 1 

(Fibroids 5 0) 
(Coagulopathy 2 0) 





operative blood loss or the use of oxytocic agents. Further, there 
appears to be a greater proportion of patients with conditions nor- 
mally associated with increased intraoperative blood loss in the 
group that underwent blood salvage (table 2). 

Although these patients would be at a greater risk of postopera- 
tive anaemia, it could equally be argued that excessive intraopera- 
tive bleeding would contribute to the volume of blood successfully 
salvaged. However, even with the increased risk of intraoperative 
haemorrhage, the average volume of red blood cells salvaged was 
equivalent to only 1.5 u. of packed cells. We have to assume that all 
of the salvaged blood was reinfused. 

We feel that the high transfusion rate in the control group can be 
explained in two ways. Either patients experienced a greater opera- 
tive blood loss or the authors transfused patients who were only 
mildly anaemic. Although the technique of blood salvage during 
Caesarean section may be safe, we would conclude that it would 
be of most benefit to patients with placental abruption or placenta 
accreta, when large volumes of blood could be salvaged. As these 
events tend to be rare and unpredictable, the beneficial use of 
blood salvage during Caesarean section will be limited. 


J. M. S. MACDONALD 


B. SETHI 
Stepping Hill Hospital 
Stockport 


1. Rainaldi MP, Tazzari PL, Scagliarini G, Borghi B, Conte R. 
Blood salvage during Caesarean section. British Journal of 
Anaesthesia 1998; 80: 195-198, 


Editor,—-Our study was not concerned with the assessment of 
bleeding or any adverse reaction to the use of oxytocics, surgical 
techniques, etc. We wanted to assess the clinical and laboratory 
results in the patients studied. It must be pointed out that there are 
a large number of cases admitted to the university clinic with “at 
risk” pregnancies (tables 1, 2). The clinic is also home to the post- 
graduate school of obstetrics and gynaecology. A protocol was 
devised for the use of intraoperatively salvaged blood in Caesarean 
section. The effects on haemoglobin concentration and length of 
time the patient stayed in hospital were evaluated, because a link 
was found between long hospital stay and anaemia, which was not 
corrected by homologous blood transfusion. The transfusion of 
packed red cells was carried out only when the patient could not 
tolerate the anaemia. The cost of the kit used to salvage blood was 
less then 1 day’s stay in hospital! 

I appreciate the low incidence of homologous transfusions in 
Stockport and note their ability to predict intraoperative bleeding. 
The mean intraoperative salvage in our study was 363 mi (range 
125-800 ml). In eight cases (23.5) the amount of intraoperative 
blood salvage was equal to or more than 500 ml. I think that with- 
out intraoperative salvage these patients would have needed 
homologous transfusions and probably a longer stay in hospital. 

Studies are underway to verify if this 68 patient report reflects 
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routine clinical experience and if it is necessary to adopt guidelines 
to restrict or extend indications for blood salvage. 
M. P. RAINALDI 
Servizio di Anestesia e Rianimaztone 
Area Materno Infantile 
Bologna, Italy 


Postoperative hypoxaemia 


Editor,—I was surprised to read from Motamed and colleagues 
that continuous epidural analgesia resulted in more episodes of 
desaturation during the postoperative period than patient-con- 
trolled analgesia until I appreciated that morphine was being used 
in the epidural mixture together with bupivacaine.’ Morphine is a 
very water-soluble opioid and has been recognized for several 
years to be unpredictable in its respiratory depressant effect. I 
would caution readers to extrapolate from this article the idea that 
all epidural opioid—local anaesthetic mixtures are dangerous. The 
use of weak bupivacaine solutions (0.1-0.15%) with fentanyl 2-4 
ug ml’ produces a safe, synergistic effect with minimal motor 
block and respiratory depression. 

I would be grateful for clarification as to whether the amount of 
morphine delivered in the study was 0.25 mg h” (as written in the 
summary) or 0.25 mi ml” (as written in the methodology). 


M. E. STUART TAYLOR 
Acute Pain Service 
Shackleton Department of Anaesthetics 
Southampton General Hospital 
Southampton 


1. Motamed C, Spencer A, Farhat F, Bourgain JL, Lasser P, Jayr 
C. Postoperative hypoxaemia: continuous extradural infusion of 
bupivacaine and morphine vs patient-controlled analgesia with 
i.v. morphine. British Journal of Anaesthesia 1998; 80: 742-747. 


Editor,—We are grateful to Dr Stuart-Taylor for her careful read- 
ing of our article.’ We agree that continuous epidural analgesia 
with a combination of local anaesthetic and opioid carries a risk 
of late respiratory depression as a result of systemic or CSF 
absorption of the opioid.” ° However, opioids provide sustained 
pain relief’* and although the incidence of late respiratory depres- 
sion is low (0.09--0.2%), it may occur with hydrosoluble or liposol- 
uble opioids.” °? Several studies have evaluated the occurrence of 
desaturation after different types of analgesia, finding that hypox- 
aemia occurred in all analgesia groups, although epidural analge- 
sia tended to cause longer periods of desaturation.” 

Many surveys have reported that epidural analgesia using either 
opioids alone or a combination of local anaesthetics and opioids is 
safe in the ward provided that adequate nursing monitoring is 
available.” `` ° This regimen can be used without sophisticated 
monitoring techniques.” ° The risk of respiratory depression or 
hypoxaemia, or both, after epidural opioid analgesia can be mini- 
mized by oxygen treatment. Standing orders for patients receiving 
epidural opioids include avoidance of parenteral opioids. Although 
epidural analgesia is associated with longer episodes of hypox- 
aemia, it produces better pain relief which may result in more 
rapid patient mobilization with potentially fewer postoperative 


q 


complications. “ 
We apologize for the mistake in the methodology section; the 
correct dose of morphine is 0.25 mg h”, the dilution of the mixture 
infused in the epidural space is 0.125% bupivacaine associated 
with morphine 0.025 mg ml”, and the rate of infusion is 10 ml h”. 


C. MOTAMED 


C. JAYR 
Villejuif, France 
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Accidental i.v. injection of local anaesthetic 


Editor,—We agree with Checketts and Wildsmith that negative 
aspiration, test dosing and slow administration of divided doses of 
local anaesthetic are umportant steps in preventing complications 
relating to epidural catheter misplacement.' However, the report 
by Abouleish, Elias and Nelson demonstrated that, despite these 
measures, systemic toxicity after inadvertent i.v. injection may still 
occur. We would like to describe one additional precautionary test 
that may have prevented systemuc toxicity in this case. 

After negative asprration, it is our practice to ask patients to 
describe what is felt during the subsequent epidural injection. A 
sensation of cold is invariably felt in the patient’s back after admin- 
istering 2-3 ml of local anaesthetic. It can be diffuse or localized. 
The commonest site is the mid thoracic region but ıt may be felt at 
any point along the vertebral column. It 1s experienced not only 
during the initial test dose, but also with each subsequent injec- 
tion. This sensation 1s most likely a result of spread of fluid within 
the epidural space and therefore may not be felt if accidental i.v. or 
intrathecal injection occurs. We feel that seeking this sensation 
after injecting a small volume of local anaesthetic is a useful addi- 
tional safety measure when trying to confirm correct epidural 
catheter placement and certainly merits further investigation. 


D. McATAMNEY 
F. CONNOLLY 
U. CARABINE 


Royal Maternity Hospital 
Belfast 


1. Checketts MR, Wildsmith JAW. Accidental i.v. injection of 
local anaesthetics: an avoidable event? Brinsh Journal of 
Anaesthesia 1998; 80: 710-711. 

2. Abouleish EI, Elias M, Nelson C. Ropivacaine-induced 
seizure following extradural anaesthesia: a case report. Brinsh 
Journal of Anaesthesia 1998; 80: 843-844. 


Editor,—The editorial by Checketts and Wildsmith’ discussed the 
usefulness of test dosing to detect i.v. epidural catheter placement. 
The fact that netther a test dose nor aspirating the epidural 
catheter can guarantee 1.v. misplacement of the catheter 18 well 
illustrated by the accompanying case report.” However, the sensi- 
tivity of the “aspiration” test may be improved by using a tech- 
nique simular to that described by Shah.” 

Having inserted an epidural catheter and flushed it with saline, 
it is my routine practice to remove the filter and elevate the end of 
the catheter 20-30 cm aboye the level of insertion to confirm a 
falling meniscus that fluctuates with respiration. The open-ended 
catheter is then lowered to a similar distance below the site of inser- 
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tion, to detect excessive flow of clear fluid (which may be tested for 
glucose if intrathecal placement is suspected) or the appearance of 
blood. It 1s my experience that blood may appear in the catheter 
under these circumstances, when none has been evident on aspi- 
rating with a syringe. Presumably, generation of an excessively 
negative pressure at the catheter tip when aspirating with a syringe 
collapses the epidural vein and so blocks the catheter holes rather 
than permitting aspiration of blood. Conversely, lowering the 
open-ended catheter allows blood to flow down a gentle pressure 
gradient and appear in the catheter. Depending on the epidural 
venous pressure and the length of the catheter inserted, this may 
take a few seconds. Failure of any flow of saline at this stage may 
also indicate malposition of the catheter tip, for example lodge- 
ment in an intervertebral foramen. Cautious withdrawal until flow 
occurs is a further assurance of correct catheter placement. 
Finally, the catheter should be visible at or very near its pomt of 
insertion—using non-transparent dressings over the epidural site 
hinders detection of blood in the catheter. 


D. K. WOODWARD 
Department of Anaesthetics 
Northern General Hospital 

Sheffield 


1. Checketts MR, Wildsmith JAW. Accidental i.v. ınjection of 
local anaesthetics: an avoidable event? Brush Journal of 
Anaesthesia 1998; 80: 710-711. 

2. Abouleish EI, Ehas M, Nelson C. Ropivicaine-induced 
seizure following extradural anaesthema. Brinsh Journal of 
Anaesthesia 1998; 80: 843-844. 

3. Shah JL A test to show correct placement of epidural 
catheter. Anaesthesia 1982; 37: 426-427. 


Editor,—We read the case report’ regarding this unpleasant and 
potentially dangerous complication of extradural anaesthesia, and 
the accompanying editorial’ with interest. While fractionatng of 
the main dose remains the opumum method of avoiding a serious 
reaction if the dose was systemic,’ perhaps there are other lessons 
to be learnt from this report. Although the authors have stated that 
there were no signs of subarachnoid block after administration of 
ropivacaine 45 mg, they state later ın the same paragraph that no 
sensory or motor effects were seen after a total dose of 120 mg The 
complete absence of any block after the first three fracuons could 
have been an indication that the catheter was misplaced which pre- 
vented the fourth and fifth fractions from being given. The effect of 
ropivacaine 75 mg (the first three doses) (1.27 mg kg”) should 
have produced early signs of sensory block such as warmth or ting- 
ling, despite the slow onset of plain ropivacaine.’ We recommend 
that we should elicit the lack of epidural anaesthesia with as much 
vigour as looking for signs and symptoms of systemic toxicity. 


I. BOWLER 

Universin of Wales College of Medicine 
A. MARCHANT 

i University Hospital of Wales 


1. Aboulesh EJ, Elias M, Nelson C. Ropivacaine-induced 
seizure after extradural anaesthesia. British Journal of 
Anassthesia 1998; 80: 843-844. 

2. Checketts MR, Wildsmith JAW. Accidental i.v. injection of 
local anaesthetics: an avoidable error? Britush Journal of 
Anaasthesia 1998; 80: 710-711. 

3. Scott DB. Test doses in extradural block British Journal of 
Anaesthesia 1988; 61: 129-130. 

4. Brockway MS, Bannister J, McClure JH, McKeown D, 
Wildsmith JAW. Comparison of extradural ropivacaine and 
bupivacaine. British Journal of Anaesthesia 1991, 66: 31-37. 


Editor,—We thank your correspondents for their mterest in our 
editorial, and you for the opportunity to comment further. Before 
responding specifically to thew individual pots we feel it is 
important to repeat the major message: 

(1) There is currently no practical method of physically demon- 
strating with absolute certainty that an epidural catheter does or 
does not lie within a vein. 

(2) Any putative test dose must have a high probability of pro- 
ducing systemic effects without causing harm. 

(3) Any significant dose of local anaesthetic agent must be injected 
incrementally. 
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Discussion of detailed points of technique must not be allowed 
to obscure these vital aspects. We all have our favoured “tricks of 
the trade”, but none provide immunity from a major reaction, the 
(fortunately) low incidence of which means that it may take a long 
time for a false premuse to be revealed clinically. 

Bowler and Marchant suggest that the complete absence of 
signs of block after 75 mg of ropivacaine had been injected via the 
epidural catheter of the patient reported by Abouleish, Elias and 
Nelson’ should have caused concern. However, the mean time to 
pinprick block of L1 after 75 mg (15 ml of 0 5%) of epidural ropi- 
vacains in the study quoted was 8 min, and less than 50% of the 
patients achieved a Bromage grade 1 motor block at any time.” 
Some patience is therefore required. In addition, we are aware of a 
patient developing ventricular fibrillation after accidental i.v. injec- 
ton of as little as 50 mg (10 ml of 0.5%) of bupivacaine, albeit very 
rapidly. Thus unless administered as a very slow injection, the 1.v. 
toxic dose i8 almost certainly less than the effective dose. Finally, 
sensations of warmth and paraesthesiae are not always reported by 
patients and therefore are not reliable markers of correct place- 
ment of an epidural catheter. Indeed they may be described after 
i.v. injecnon! 

McAtamney, Connolly and Carabine stated that a cold sensa- 
tion is felt in the panent’s back during epidural injection. We have 
never had a patient remark on this sensation and it is incautious of 
them to describe it as “a useful additonal safety measure” when 
they also suggest ıt “merits further investigation”. 

Woodward’s suggestion of using Shah’s’ technique to confirm 
correct epidural catheter placement ıs not new and has its advo- 
cates, including us. However, this method has not been shown to 
be any better at detecting epidural vein cannulation than a gentle 
aspiration test with a 2-ml syringe (which itself 1s not infallible as 
we have seen) although we use both aspiration and syphon tests in 
the hope of idennfying 1.v. placement sooner rather than later. 


M. R. CHECKETTS 

J. A.W. WitpsmirH 
University of Dundee 
Dundee 


1. Abouleish EI, Elias M, Nelson C. Ropivacaine-induced 
seizure after extradural anaesthesia. Brush Journal of 
Anaesthesia 1998; 80: 843-844. 

2. Brockway MS, Bannister J, McClure JH, McKeown D, 
Wildemith JA. Comparison of extradural ropivacaine and 
bupivacaine. British Journal of Anaesthesia 1991; 66: 31-37. 

3. Shah JL. A test to show correct placement of epidural 
catheter. Anaesthesia 1982; 37: 426-427. 
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Editor,—We read with interest Dr Woodward’s letter. One of the 
points he raised 1s that negative aspiration of blood can result from 
occlusion of the tip of the catheter by the wall of the blood vessel, 
as a result of creation of negative pressure on aspiration. We not 
only agree with his statement, but also practice and teach it. Dr 
Abouleish, ın his book entitled “Pain control in obstetrics” pub- 
lished 21 yr ago,’ stated “A catheter can be m a blood vessel and 
yet no blood is aspirated because the tip can be against the vessel 
wall. In such a case, aspiration following injection of 2 ml of solu- 
tion is more lieble to obtain a sanguineous aspiration than prior to 
injection, because the injectate distends the vein and separates the 
catheter tip from the vessel wall. However, as mentioned before, 
aspiration can be negative even if the catheter up lies in a blood 
vessel. Therefcre, aspiration 1s only smportant when positive and 
the only reliable sign that the catheter 1s inside a blood vessel 18 the 
reaction of the patient to the test dose.” In our case report, aspira- 
tion was negacive before and after injection of the local anaes- 
thetic. We also agree with Dr Woodward that a transparent tape is 
advisable, and we mentioned that ın the discussion of the article. 
Moreover, when aspiration is performed with the patient on her 
side, the point of insertion is easily seen and blood in the catheter 
is detected early. 

To stay within the allotted space for the arucle, we did not dis- 
cuss many aspects of test doses and intravascular malposition of an 
epidural catheter. We think the editorial by Drs Checketts and 
Wildsmith is excellent. It expanded the discussion and shed light 
on these controversies.” 

In summary, the purposes of our article were to alert anaesthetists 
that all local anaesthetics are potentially toxic, to demonstrate the 
relative safety of ropivacaine and to emphasize that vigilance, 
a high index of suspicion, and fractionation of the therapeutic 
dose are the main factors to prevent cardac toxicity from local 
anaesthetics. 


E. I. ABOULEISH 


M. Exias 
Department of Anesthesiology 
University of Texas-Houston Medical School 
Houston, TX, USA 


1. Abouleish E. Famn Control ın Obstetrics. Philadelphia: JB 
Lippincott 1977; 244-245. 

2. Checketts MR, Wildsmith JAW. Accidental iv. injection of 
local anaesthetics: an avoidable event? Brinsh Journal of 
Anaesthesia 1998; 80: 710-711. 








ERRATUM 


A guide for tube exchange using a fibrescope and the plastic sheath of a guidewire in small children (BJA 1998;81: 103) 
The name of Dr J. -H. Bahk was spelt incorrectly in his letter to the editor. 
We apologize to the author for this error, which arose during the editorial process. 








British Fournal of Anaesthesia 1998; 81: 829-833 


BOOK REVIEWS 


Obstetric Anesthesia and Uncommon Disorders. D. R. GAMBLING AND 
M. J. Douatas. Published by W. B. Saunders, Philadelphia. 
Pp. 463; indexed; illustrated. 


Advances m the medical (and surgical) treatment of many dis- 
orders have meant that more women are reaching child-bearing 
age and becoming pregnant. This has inevitably brought new chal- 
lenges to the obstetric anaesthetist who needs to know the effect of 
the physiological changes of pregnancy on a wide range of patho- 
logical processes. Although textbooks are available which cover the 
‘anaesthetic implications of uncommon medical disorders, until 
now there has been none which emphasizes the impact of the dis- 
order on pregnancy, the impact of pregnancy on the disorder and 
the effect of therapy for the disorder on the fetus and neonate. 

The book is organized on a systems basis and draws together 
case reports and experience from the world literature. I looked 
at the information given on relatively unusual disorders (cardio- 
myopathy; mitral regurgitation; Fontan’s operation for a single 
ventricle; Ehlers Danlos syndrome) which we have’ recently 
encountered in our hospital, and found it enormously helpful. Not 
only are there concise, relevant descriptions of the problem and 
anaesthetic management, but the original articles and case reports 
are also well referenced for easy access. Is the book comprehen- 
sive? It appears to be, covering conditions as diverse as cystic fibro- 
$18, acute severe asthma, rheumatoid arthritis and transplants 
(heart, heart-lung, lrver, kidney and pancreas—kidney). Inevitably, 
people will come across a condition not mentioned—they will then 
realize that they need to publish their experience with that disorder! 

The authors rightly point out that the obstetric anaesthetist 1s 
often asked at shart notice to provide care for parturients with 
unusual conditions, at a time (e.g. the middle of the night) when it 
is difficult to access the appropriate case reports. This book 
enables the appropriate care to be given with the benefit of pub- 
lished experience. I wholeheartedly recommend this book. It 1s a 
must for every delivery suite! 


G. M. Cooper 


Drugs, Diseases, and Anesthesia. Starn. ISBN: 0-397-58758-9 
(five PC compatible 34” disks); 0-397-58764-3 (five PC com- 
patible 34” disks, Network Version). Price US $99.00 (US 
$395.00 Network Version). 


This piece of software was supplied well packaged with adequate 
installation instructions. The version supplied was for an IBM- 
compatible PC running either Windows 3.X or 95. It was supplied 
on five 344 mch high-density disks which were virus-free and took 
less than 5 min to install. It 1s actually a group of databases, with 
their linking and display modules running under Paradox for 
Windows. In the event of problems, the instructions describe tech- 
nical support but ıt is only available in office hours US Pacific 
Standard time (GMT minus 8 h). 

The mformation on the packaging describes “200 patient— 
drug—anaesthetic interactions, 60 disease—anaesthetic interactions 
and 100 anaesthetic—anaesthetic interactions”. Therefore, it con- 
tains a great deal of information but does not cover every eventual- 
ity. Those encountered most commonly in clinical anaesthetic 
practice are present. 

Double-click on the appropriate icon and the operator is pre- 
sented with a window containing the main screen. Three small 
windows arranged horizontally are entitled patient drugs, diseases 
and anaesthetics, and in each is a scrollable lst. A large full-width 
window below displays information concerning the selection made 
in any one of the three top windows. The operator can select exther 
the generic name or the brand name for the drugs using check- 
boxes, and a button 1s supplied to print the advice grven. Selecting 
the button labelled “See interactions with ...” does exactly what it 
says. A double click on any entry in one of the three small windows 
does the same. A second full sıze window appears which looks 
almost identical to the maim screen but 18 labelled “Interacnons 
with...”. Selecting any entry from the three small windows on this 
new screen gives information on interactions with whatever was 
originally chosen. 

I found the package easy to use. The information and advice is 
sensible and straightforward and not verbose, but may be over- 


brief in some places. It tells the reader the important pots, 
appropriately arranged under sub-headings (e.g. classification, 
indications, pharmacology, interactions and relevance to anaes- 
thesia). It 1s specific for anaesthetic practice and thus of interest to 
all anaesthensts. There are a few difficulnes, The first and major 
problem is that it 1s written with an American audience in mind. 
As such, all of the drug spellings are in US format and brand 
(trade) names are US names. Many are the same but the differences 
are sufficient to produce a problem. There are also drugs available 
in the US which are not available m the UK (e.g. sufentanil, doxa- 
curium) and formulaton differences (e.g. amiodarone is stated to 
be available only orally yet there is an Lv. preparation in the UK) 

Some drugs have totally different names (e.g. meperidine 18 listed 
yet pethidine is not). One irritating quirk of the program is that 
when scanning down one of the three small primary windows, the 
bottom entry on the lst appears high-lighted but the information 
window still contains the entry for the previously selected choice 

It is necessary to click again on the high-hghted entry to change 
the information window. There are some surprises within the prin- 
cipal lists. For example, I was interested to see that advanced age is 
a disease and also that chlordiazepoxide is an anaesthetic drug. 

It 18 clear that a great deal of work has gone into preparing the 
data and links within this piece of software. I suspect that it will 
not be a best-seller in the UK or ın Europe because of the strong 
US bias. It is, however, a piece of software which contains a great 
deal of informanon and I feel marks the beginning of a direcnon in 
which we will eventually be progressing I look forward to seeing 
more software in this mould in the future. Have the authors con- 
sidered producing a version aimed at the UK and Europe markets? 


B. J. Pollard 


Sickle Cell Pain. Progress in Pam Research and Management, Vol. 11. 
S. K. Bauas. Published by IASP Press, Seattle Pp. 379; 
indexed; illustrated. Price £87. 


This book is one of a series of publications by the International 
Association for the Study of Pain, produced with the intention of 
providing low-cost books on this topic, although whether £87 can 
be described as low cost is arguable. 

Sickle cell disease (SCD) is a formidable clinical problem. Itis a 
disease of patients from one racial group, where racial and politcal 
overtones have led to considerable conflict with health care 
providers. In his introduction, the author describes a recent 
demand by actrvists that sufferers be called not patients with SCD 
but “sickle cell defiers”. This monograph is a very personal and at 
times almost passionate call for better management of this dis- 
tressing disease. Any book that concludes with a section enntled 
“Lack of awareness in the ivory tower”, a rather bitter response to 
a rejection of one of the author’s papers, is obviously not a dry 
medical text. 

The book 1s divided into five main sections, the first two dealing 
with the clinical and pathological features of SCD, and the 
remainder with the management of acute and chronic pain syn- 
dromes associated with it. The text is interspersed with brief clini- 
cal vignettes and short discussions. I found the chapter on genetics 
and pathology rather confusing, with a considerable amount of 
space devoted to comparisons with other haemoglobinopathies. I 
expect this reflects the author’s background as a haematologist 
leading him to make assumptions about the level of knowledge of 
the general reader. Despite being primarily concerned with pam, 
the book also covers the: clinical features of SCD and other 
medical emergencies such as the “acute chest crisis”. The chapters 
on pain management are excellent. 

Although a haematologist, Dr Ballas undoubtedly talks the lan- 
guage with which any anaesthetist would instantly feel at home. 
For this reason it is rather disappointing that he makes no refer- 
ence to anaesthensts and their expertise in pain management. 
Despite extensive discussion of techniques such as PCA and opi- 
oid infusions, there are virtually no references from anaesthetic 
sources. This presumably reflects US medical practice where the 
majority of patients with SCD are treated in specialist centres 
which have more than 500 patients on their books and who are 
managed exclusively by haematologists. The section on analgesic 
pharmacology is excellent, as are the sections dealing with non- 
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pharmacological and new methods of treatment. Dr Ballas is a 
firm believer in the use of strong analgesics in the management of a 
crisis, and argues forcefully for them. His frustration at the attitude 
of some of the medical establishment to opioid prescribing for SCD 
18 forcibly expressed throughout the text. He cautions against the 
use of data proposing more modest use of opioids, pointing out that 
patients will “hospital shop” until they get adequate analgesia. 
Alternative therapies, hydroxyurea and bone marrow transplanta- 
tion are given extensive coverage. Every section is referenced. 

There are problems for the European reader as the book 18 
aimed at a US audience and as such does not mention diamor- 
phine, referring extensively to oxymorphone and hydromorphone; 
discussion of other analgesics 1s also notable for considerable 
transatlantic differences. The author tends to stress respiratory rate 
rather than sedation scores in the prevention of opioid-induced 
respiratory depression, when it 18 now known that the latter 13 
probably more important. 

My criticisms are minor. This book appears to be based on 
extensive practical experience with realistic observations on the 
therapeutic modalities available, backed up by a comprehensive 
review of the literature. The author does not shy away from the dif- 
ficult issues surrounding the management of SCD pain. I think 
the book is ideal for any doctor who 18 likely to have signrficant 
exposure to patients with SCD whether they are haematologists, 
accident and emergency staff or specialist anaesthetists. As a 
monograph it makes a good read and should be viewed as such, 
rather than as a reference text. With a bit of luck ıt might lead to 
better and more generous prescribing for patients with SCD. 


P M. Yate 


An Evidence-based Resource for Pain Rehef. H. J. McQuay AND 
R. A. Moore. Published by Oxford University Press, Oxford. 
Pp. 264; indexed. Price £65.00 


This book sets out to provide not the answer to the question 
“which analgesic or analgesic method” but rather to offer ways in 
which accurate assessments of the available clinical data can be 
made to act as a guide to answering that problematic question. The 
authors wish the book to offer an explicit approach to this assess- 
ment of evidence and, provided one accepts the inevitable limita- 
tions, it has succeeded. 

The volume 1s divided into three parts dealing with method- 
ology, treatments of acute pain and chronic pain. Each part in 
itself is an education and could stand alone, but together the resul- 
tant book is impressive. 

The first part is based on the premise that evidence of treatment 
adequacy which is both relevant and valid is necessary for effective 
care. The randomized, controlled study 1s the most reliable 
method of estimating the effect of an intervention. There follows 
details of how to approach that estimation and to measure the 
strength of that finding. The second and third parts of the book 
detail systematic reviews of randomized, controlled studies with a 
variety of analgesic substances and techniques in the treatment of 
postoperative, obstetric and chronic pain situations. It 1s by no 
means a complete list and the reader will search in vain for the use 
of i.v. or im., injections of analgesics and other pain relieving tech- 
niques, Nevertheless, the amount of information 1s prodigious and 
the conclusions drawn will give much food for thought and, one 
hopes, eventual changes in clinical practice. 

The book has 257 pages and a comprehensive index, and dis- 
cusses 23 different studies. The reference lists are as comprehen- 
sive as one would wish and point the way to further study of value. 
As the authors state, this book 1s not the final word. One would 
hope not, as to peruse this volume is to be left thirsting for more, 
and one trusts that this will be forthcoming in the not too far dis- 
tant future. 

This book should be purchased by all who have any interest in 
pain and its treatment. It should be statutory reading for all who 
teach and learn, notwithstanding those who seek to venture into 
the research area. It acts as a salutary lesson to us all. It is also 
comforting that the authors have space to remember their men- 
tors, especially John Lloyd, who started them on this valuable 
road. Long may they continue to produce such informative and 
stimulating material. 

It 1s a long ume since this reviewer came upon a book that gen- 
erated such enthusiasm. Usually niggardly with praise, this volume 
engendered plaudits galore; I trust you will find it as excellent as I 
have. 


K. Budd 


British Journal of Anaesthesia 


The Pathophysiology of Pneuwmoperuoneum. R. J. ROSENTHAL, R. L. 
FRIEDMAN AND E. H. Putturs. Published by Springer-Verlag, 
Berlin. Pp. 187; illustrated. Price £57.00. 


Drs Rosenthal, Friedman and Phillips from Mount Sinai/Beth 
Israel Medical Centers, New York and Cedar Sinai Medical Center, 
Los Angeles, have compiled a comprehensive monograph on the 
pathophysiology of pneumoperitoneum for laparoscopic surgery. 

Pneumoperitoneum, usually obtained by intraperitoneal insuf- 
flation of carbon dioxide, provides the visceral separation required 
for most laparoscopic procedures. This 187-page monograph 
begins with a historical review of milestones in the evolution of 
laparoscopic surgery. For the most part, gynaecologists developed 
the instrumentation, operating principles and techniques for oper- 
ative laparoscopy. The apparent lack of attention given to 
laparoscopy by general surgeons, since its development in the early 
part of the century, was largely a result of its perceived role as a 
diagnostic rather than therapeutic tool 

The advent of laparoscopic cholecystectomy was the catalyst that 
aroused the interest of general surgeons worldwide in laparoscopy 
and closed abdominal surgery. The scope of minimal access 
abdominal, thoracic and pelvic surgery has been extended greatly 
and new laparoscopic techniques have been developed, performed 
and advocated for older patients who may have co-existing cardiac 
and/or pulmonary disease. These laparoscopic procedures may 
involve reverse Trendelenburg patient position and require a longer 
period of intraperitoneal carbon dioxide insufflauon than the less 
physiologically disturbing gynaecological procedures. Hence the 
interest in this timely comprehensive review of the pathophysiologi- 
cal consequences of pneumoperitoneam with asseasment of experi- 
mental data and the results of clinical studies. 

The authors have recruited established authors in the field and the 
text reflects not only North American but also European and 
Australian teaching and clinical experience. The text 18 set out m 16 
chapters, ranging from the history of pneumoperitoneum and the 
effects of intraperitoneal insufflation of carbon dioxide on tempera- 
ture, hepatoportal-renal_mesenteric blood flow and cardiovascular- 
respiratory function. Subsequent chapters detail the neuroendocrme 
responses to laparoscopy and elevation of abdomunal pressure, and 
the complications following trocar msertion and carbon dioxide 
insufflanon. The concluding chapters detail the effects of pneu- 
moperitoneum in paediatric patents and durmg pregnancy. 

As might be expected with contributions from a large number of 
authors ın diverse insututions, there is significant repetition of data 
relating to the cardiovascular and respiratory effects of pneu- 
moperitoneum and intraoperative complications. Overlap of nfor- 
mation 1s most obvious ın chapters 8, 9 and 10. The authors 
showed some imagination by inviting contributions detailing alter- 
native gases, other than carbon dioxide, and the subsequent 
changes in body temperature. Hypothermia should be anticipated 
if laparoscopic procedures are prolonged, especially during 
oesophageal gastric, colonic or pancreatic resections. Drs Bessel 
and Maddern suggest that appropriate heat conservation prophy- 
laxis should be instituted in long duration laparoscopic procedures. 
However, currently available gas warming insufflators have not yet 
achieved acceptable standards of electrical safety and sterility for 
clinical use. While it may be unfair to single out one chapter, Dr 
Lowham and colleagues’ contribution (Pneumopentoneum— 
related complications: diagnosis and treatment) best captures the 
essence of problems relating to this topic, Further, the potential for 
intraoperative venous stasis associated with increased intra-abdom- 
inal pressure and reverse Trendelenburg position is highlighted. 

Presentation of the text is impressive with division of chapters 
into wntroduction, physiological effects, data from experimental 
and clinical studies, summary and conclusion sections. Special 
mention should be made of the extensive use of algorithms 
throughout the text which compliment the data presented and 
facihtate retention of information. 

This timely monograph may be of limited appeal to clinicians for 
personal purchase. However, ıt will prove a valuable addition to insti- 
tutional and anaesthesia/surgery/endoscopy departmental libraries. 


M. Harnett 
A. J. Cunningham - 


Handbook of Clintcal Anesthena, 3rd Edn. P. G. Barasn, B. F. 
CuLLEN AND R K. Srosrune (editors). Published by 
Lippincott-Raven, Philadelphia. Pp. 993; indexed; illustrated. 
Price £46.00. 


This ıs a pocket-sized, condensed version of the larger Chrncal 
Anesthesia written by the same editors It aims to provide “rapid 


Book Reviews 


acquisition and comprehensive understanding of the scientific and 
clinical foundations of” anaesthesia. The ininal impression is that ıt 
does provide a useful and highly portable reference text that allows 
both trainee and established anaesthetists to confirm important 
data. It also contains enough general information, both clmical and 
scientific, to enable users to check up on uncommon conditions 
and their effect on anaesthesia, and to provide an aide-memoir for 
areas of anaesthema beyond their current working practice. 

The previous editions of this book have become established 
favourites of trainees, taking the place held by the “synopsis” 
because of their combination of size and comprehensiveness. The 
keystone of such a book les ın the completeness and accessibility 
of the indexing. Cross-referencing is almost enurely to the larger 
sister textbook and therefore the reader may miss salient associa- 
tions. The main index is full and clear, and this offsets the disad- 
vantage of the cross-referencing if one has already a broad 
appreciation of the topic areas. Searching at random for selected 
topics (malignant hyperthermia, Horners syndrome, hyper- 
kalaemia, ion-selective membrane pores, sleep apnoea and alco- 
hol) was interesting, with no sign of the medical uses or abuses of 
alcohol, even in the chapter on lrver disease. 

The clear tables were a very useful guide and summarized key 
information in a focused manner allowing the reader to use the 
book when time was pressing. The use of clinical guidelines 18 less 
common outside the USA, but again they provide an appropriate 
response to complex clinical situations. However, non-USA 
trainees may find the protocols for resuscitation in the appendix 
very unwieldy. They are too complex for the size of the page, cross 
from one page to another, and do not clearly conform to the 
European Resuscitation Guidelines. 

There was only one persistent irritation, and that was the bind- 
ing. The book arrived looking as though it has been through hard 
times, and I have no doubt that time will not improve it. I wonder 
if a more rigid plastic cover would not have improved its utility and 
ruggedness. 

Would I buy it? Undoubtedly yes, and I would recommend ıt to 
my trainees. I would add that it provides them with rapid access to 
what they have read elsewhere, but forgotten, rather than as a 
definitive, exhaustive text—indeed it is exactly as the editors 
planned it. 


C. Dodds 


Progress in Pain Research and Management, Vol 9, Molecular 
Neurobiology of Pam. D. Borsoox (editor). Published by IASP 
Press, Seattle. Pp. 369; indexed; illustrated. Price US$76.00. 


Since the cloning of the opioid receptors in 1992, there has been 
an explosion in publications involving opioids and pain. This vol- 
ume is a useful addition to this vast literature base. The cloning of 
the opioid receptors is mentioned throughout the book, indicating 
the impact that this event has had on researchers in the field. 

This edited International Assocanon for the Study of Pain volume 
results from a meeting sponsored by the Massachusetts General 
Hospital and Harvard Medical School on “Molecular Aspects of 
the Neurobiology of Pain”. There are 18 chapters in total, divided 
into five sections: developmental aspects of sensory neurones; neur- 
obiology of inflammation; neurobiology of nerve injury; neurobiol- 
ogy of receptor~ion channels involved in pain transmission; and 
molecular aspects of the future. The authorship (56 ın all) is truly 
international and there are many “household” names in the 
pain—opioid field. The individual chapters vary ın length from just 
five to 30 pages. 

It ıs perhaps a little unfair to pick out specific chapters as the 
majority were well written, easy to follow, appropriately illustrated 
(i.e. a mx of both orginal data and schemas) and in the main ref- 
erenced extensively. However, I particularly enjoyed reading sec- 
tions HI (Neurobiology of nerve injury) and IV (Neurobiology of 
receptor—ion channels involved in pain transmussion). Chapter 8 
examines phenotype regulation of dorsal root ganglion neurones 
after nerve injury. This ıs an excellent and thought provoking 
review of the literature with many of the 153 references from the 
authors themselves. Chapter 9 was also an interesting read which 
followed on well. 

Chapters 13 and 14 covering Na* channels and opioid receptors 
were particularly interesting to me as this is in my own area of 
interest. In addinion, I would also strongly recommend careful 
reading of chapter 17 on antisense technology. The volume is 
rounded off nicely with a chapter on gene transfer in pain control, 
opening up a whole new avenue for future pain therapies. 

If Lwere to note any omissions these would include a chapter on 
orphan-opioid receptor (ORL1)-nociceptin and pain, and voltage- 
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gated Ca” channels and pain. Omission of ORLI-nociceptin is 
likely a result of timing as the meeting was held in 1996, just 1 yr 
after the description of nocicepun. In addition, this book probably 
went to press before the IUPHAR reclassified opioid receptors as 
OP1(8), OP2(x) and OP3(j)).' 

Tn all, this is an excellent read. I strongly recommend this book 
to all involved in opioid—pain research. This volume will also be of 
use to those candidates preparing for the FRCA examinations or 


equivalent. 
D. Lambert 


1. Dhawan BN, Raghubir CR, Resine T, Bradley PB, Portoghese 
PS, Hamon M International union of pharmacology. XII. 
Classification of opioid receptors. Pharmacology Reviews 1997; 48: 
567-592. 


Fundamentals of Anaesthesia and Acute Medicine. Paediatric Intensive 
Care. A. Duncan (editor). Published by BMJ Publishing 
Group, London. Pp. 276; indexed; illustrated. Price £30 00. 


This book forms part of a series-entitled Fundamentals of 
Anaesthesia and Acute Medicine which aims to provide authoritative 
reviews of topics in selected areas of clinical practice. The sertes 1s 
aimed at established pracutioners and trainees preparing for diplo- 
mas in anaesthesia and intensive care. The present volume will be 
of particular interest to consultants and trainees who are involved 
in the provision of intensrve care for critically ill children. 

It ıs edited by Alan Duncan from Perth, Australia, who has suc- 
ceeded in assembling an eminently readable volume which covers 
current practice and recent advances in several key areas of paedi- 
atric intensive care medicine. There are nine chapters written by 
internationally renowned experts in paediatric intensive care, and 
most of the topics have a major bearing on morbidity and mortality. 

The first chapter comprises a characteristically robust exposi- 
tion by Dr Frank Shann summarizing recent work investiganng 
the effects of organization of paediatric mtensive care services on 
patient outcome; there is also a useful description and critique of 
the currently available risk adjustment methods used in paediatric 
intensive care. This is followed by a chapter on acute respiratory 
emergencies which contains a wealth of information, including 
several useful tables, charts and algorithms. Desmond Bobn from 
Toronto contributes a chapter on new ventilation strategies which 
is characteristically lucid, thorough and well informed. The patho- 
physiology of respiratory failure is described, together with a com- 
prehensive survey of the work on ventilator-induced lung injury. 
There are clear descriptions of all currently available methods 
used for supporting children with acute respiratory failure, includ- 
ing innovative techniques such as high frequency ventilation, nitric 
oxide, liquid ventlaton and extracorporeal membrane oxygena- 
tion. Dr Bohn subjects the research on these topics to rigorous but 
constructive critical analysis. It is likely that greater facility in the 
use of these newer therapres should help to optimize management 
and lead to a reduction in the requirement for ECMO among 
infants and children. 

A separate chapter devoted to nitric oxide summarizes the 
research which has been undertaken into the use of this agent in 
children. There 1s also useful information on admimstration, mon- 
itoring and toxicity of nitric oxde. 

The increasing problem of children who require long-term ven- 
tilaton 18 addressed in a chapter which covers ethics, practicalities, 
economics and the indications for home ventilation. Although 
details of some useful Internet sites are included at the end of this 
chapter, I would have liked to have seen greater use of charts, 
tables and checklists which would be of particular help for those 
who have to make arrangement for the management of children 
requiring long-term ventilation in the community. 

A chapter by Duncan Macrae provides invaluable information 
on the presentation, diagnosis and early management of congenital 
heart disease, together with strategies for the management of low 
cardiac output and pulmonary hypertension. There are also useful 
chapters on “Management of paediatric trauma” and “Acute brain 
insults in infants and children”. Finally, there is an authoritative 
chapter by Warrick Butt which brings together the latest thinking 
on the management of septic shock ın children, with particular ref- 
erence to the ever present problem of meningococcal disease. 

The subjects included in this book cover a very wide range, 
ideally, I would have liked to have seen a section covering the pro- 
vision of analgesia and sedation in the paediatric intensive care 
unt Each chapter includes numerous recent references, however 
there are minor inaccuracies in some of the references appended 
to the chapters on nitric oxide and septic shock. 
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I detected one error in the text on page 202 where it states: 
“Inhibinon of NO synthesis increases pulmonary blood flow and 
increased pulmonary vascular resistance in the perimatal period”. 
The quality of the printing, tables, graphs and charts is generally 
very high, although I was disappointed that my review copy 
showed evidence of poor binding, a number of pages becoming 
partially detached. This possible reflects the fact that I have found 
the book to be an invaluable reference source and repository of 
information. 

This is an excellent book and the editor has succeeded in assem- 
bling an attractive and stimulating text which, ın 276 pages, pro- 
vides a wealth of up-to-date information on the management of 
critically ul children with a wide variety of conditions. It can be 
recommended to those looking for a modern and authoritatrve 
account of the more significant recent developments in paediatric 
critical care medicine. 


N. R. Bennett 


Who Cares? The Great Brinsh Health Debate. O. Moraan. Published 
by Radcliffe Medical Press, Abingdon. Pp. 231; indexed. 


It will have escaped the attention of few doctors, certainly none 
who have read or seen recent media contributions by the editor of 
the Lancet, Dr Richard Horton, that the profession is under attack. 
In this 50th anniversary year of the NHS, the “doctor knows best” 
school of patient care does not carry the confidence of the public, 
and patients are not necessarily as grateful for any bestowed 
crumb of charity as they were in 1948. The Royal Colleges are 
being portrayed as irrelevant gentlemen’s clubs and the BMA as 
seeking to perpetuate the power and self-interest of the medical 
profession. And the hounds are baying for blood in the form of 
accountability, outcomes and clinical governance. Or so it seems, 
and just because we are paranoid doesn’t mean they are not out to 
get us! 

Perhaps it was in this frame of mind that I picked up Oliver 
Morgan’s contribution to the Great Brinsh Health Debate. My ini- 
tial umpreasions were a mixture of great admiration for an 
extremely well researched, clear volume on the British health sys- 
tem and yet a concern for the selective application of “facts” by an 
experienced journalist making his case Within its well referenced 
231 pages you will find clear descriptions of the nuances of maxi- 
mum part-time consultant contracts, notional half-days and job 
plans. Those who are old enough will recognize, perhaps even nos- 
talgically, the consensus of cogwheel structures, the Griffiths intro- 
duction of management reforms and, finally, the internal market. 

Mr Morgan recognizes the central role of doctors in the furure 
of a viable NHS and wants them to manage resources effectively in 
the light of accurate information. The dilemma of shifting 
resources for the good of a population without damaging the indi- 
vidual doctor-patient relanonship 1s tackled if not resolved, and 
suggestions of citizens’ juries and focus groups are helpful. What 18 
not sufficiently developed 1s how involving the general public can 
be used to put some brakes on expectation and demand, to tighten 
the tap on the pressure of the worned well. The media oscillate 
between “top doctors find elimr of life” and “hospital misses can- 
cers shock”, and some steadying influence is urgently needed. 

Where the medical profession will again feel under attack 1s Mr 
Morgan’s recurring theme that doctors are resisting the develop- 
ment of proper audit with measurable outcomes, assessments of 
effectrveness and proper accountability. In this “post-Bristol” 
epoch, it is our duty to prove Mr Morgan’s concerns unfounded by 
taking on the challenge of clinical governance, to drive its agenda 
and to show that self-regulation 1s not synonymous with cosy self- 
interest. 

You will find many stimulating opportunities and threats in 
Oliver Morgan’s vision for the next 50 yr. 


I. Gilmore 


Interactive Anesthena Library on CD-ROM version 2.0. P.G BARASH. 
Published by Lappincott-Raven, Philadelphia. Indexed; dlus- 
trated. Price US$395.00. 


This remarkable CD-ROM contams the full text and figures of 
seven major American textbooks: Textbook of Internal Medicine; 
Climcal Anesthesia; Handbook of Chmiwcal Anesthesia; Review of 
Glimecal Anesthesia; Pharmacology and Physiology in Anesthenc 
Pracnce; Neural Blockade; and Anesthestology: Problem-Orientated 
Panent Management. All except the latter two are current editions 
of these books. This amounts to nearly 8000 pages of text and 
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3000 images, in addition to several video clips of key procedures 
and diagnostic situations. In addinon, the Anesoft Anesthesia 
desktop simulator is included in an impressive package. The CD 18 
both Windows and Mac compatible and the recommended mini- 
mum system requirements are a Pentium or PowerMac processor 
with 8 MB RAM, with video and sound cards, double-speed CD- 
ROM drive and 3 MB of free hard disk space. Installation of the 
software is very straightforward and the accompanying instruc- 
tions are easy to follow. 

In such a large source of reference material the search functions 
have to be intuitive and effective. Fortunately, navigation is easy 
and rapid searches are possible using a string of key words, 
Advanced searching techniques using Boolean logic, wildcard 
searches and proximity searches can also be used. Either the whole 
database, or indrvidual titles within it, can be searched, and this 
improves flextb:ilty. The on-line help 1s very good with many useful 
hypertext links which give clear explanations. There 18 also a quiz 
facility for testing knowledge gained from specific chapters that 
might be of interest to readers preparing for exarnnations 

For any mulumedia package to be attractive, and to justify rts 
significant cost, it has to be more than a book on CD. High quality 
and relevant audiovisual clips are a must, but this package has only 
13 ntles listed in the video highlights section and more would be 
welcome. Topics covered mclude fibreoptic laryngoscopy, retro- 
grade intubation, cricothyroidotomy, a variety of peripheral nerve 
blocks and some interesting transoesophageal echocardiograms. 
The video image quality is high, even on a notebook PC, but the 
Briush user may find the American commentary distracting. 

The Anesoft anaesthesia simulator consists of four clinical scen- 
arıos that can be customized to include a range of criucal mcidents 
1f required. Inevitably, the terminology used is American, but that 
does not really matter. The simulator desktop mcludes a photo- 
graph of the patient and a monitor screen showing ECG, capnog~ 
raphy and any other traces selected by the user. There are menus 
for changing the monitoring, fluids, arway, ventilation, drugs 
administered and surgical interventions, although control over the 
latter may be the least realisuc opnon! Using the simulator is fun, 
but not particularly educational, although each case has specific 
learning objectrves that can be viewed at any ume. Like most desk- 
top simulators it lacks realism and is cumbersome to use. It also 
lacks any sound so the user 18 denied the usual audio clues which 
are available in the clinical setting. 

Printing and exporting text and images from the CD-ROM is 
simple. Images pasted onto PowerPoint slides projected well and 
this could be useful when preparing lectures or tutorials, but the 
copyright position on this 18 not clear. 

It ıs possible to apply personal bookmarks and highlight 
favourite areas of text which 1s a useful way to return to areas of 
interest. The user can also annotate text by adding ther own 
“sticky notes” in the same way as one might jot in the margin of a 
book. The notes are searchable and so can be found quickly again. 

This CD-ROM contains a staggering amount of information 
and illustrates what the strengths of this format are, namely porta- 
bility and searchability. The cost may seem expensive but the total 
retail cost of the books included would be more than £500. The 
product 1s seriously worth considering 1f the departmental library 
fund has anythirg left in ıt 


M. R. Checketts 
A.W. Wildsmith 


Getung Ahead m Medicine: A Guide to Personal Skills for Doctors. 
C. Jonnsox, F. Forrest anp C. HarL Published by Bios 
Scientific Publishers, Oxford. Pp. 178; mdexed; illustrated. 
Price £17.95. 


This paperback presents the type of information which is gained 
only after the passage of many years but which we all wish we knew 
when we started out o2 our careers. As the authors suggest, it rep~ 
resents the distillanon of many years spent advising junior col- 
leagues at all levels on what is expected of them and how to 
improve their chances of being able to select the type of post which 
they would want, rather than that which would be offered to them. 
The introduction advises dipping into sections which are relevant 
to the individual rather than starting at page one and progressing 
through all chapters. I tried this and was surprised at the overall 
value of this approach. However, a reviewer's duty 18 to assess the 
complete book rather than to surf what appear to be only the more 
interesting sections. 

The ttle of this book suggests that ıt should perhaps contain 
techniques or tip3 to succeed ın the rat race of hospital politics, but 
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nothing could be further from the truth. The preface explains the 
background to the book and ıt perhaps should have been entitled: 
A really practical guide for tramees m medicine. There are very few 
books which precisely achieve 1ts aums and in such a shim volume. 
The authors set out to produce a guide to the imtricacies of starting 
as a trainee in hospital, the expectations of trainers and the prob- 
lems of understanding the organization and society in which the 
trainees now find themselves, The book 1s divided into the types of 
information which would be required at different stages of the 
trainee’s career. There are four different skill levels, ranging from 
advice which is appropriate for students and pre-registration 
house officer, up to that which would be of mterest to experienced 
trainees or consultants. 

The first sections describe how to obtain a post, the factors 
which mfluence short listing and the final selection of candidates, 
and how to improve one’s chance of success. Time management is 
one area ın which possibly most doctors are deficient and many 
consultants could benefit from reading this secnon. The new 
structured training system 1s explained, as is the way that trainees 
should approach their learning, not only for examinations but also 
to ensure long-term education throughout their professional 
careers, The value of undertaking research and the approach nec- 
essary to obtain worthwhile results are fully explained in addition 
to how to write up the final results for publication. The final chap- 
ter leads the reader into the area of medical ethics and uses several 
court cases to explain the basis of the changing relationship 
between medicine and society. 

Overall the book is clearly written and succinct. It contains sen- 
sible advice and ıt is apparent that the book has been written based 
on the questions which trainees have asked the authors over past 
years. The section describing the structure of a computer is per- 
haps too detailed, but the steps by which the trainee should use a 
program such as PowerPoint to produce their own overhead trans- 
parencies or 35-mm slides should guarantee success for the begin- 
ner. 
Every trainee should know about this book and should have 
access to it. It does not replace the mentor but it probably has a 
broader base than most mentors have of information which will be 
relevant to the trainee during their passage through the training 


system. 
G.N.C. Kenny 


Climcal Anesthesia, 3rd Edn. P. G. Barasu, B. F. CULLEN AND 
R K. STOELTNG (editors). Published by Lippincott-Raven, 
Philadelphia Pp. 1483; indexed; illustrated. Price 
US$145.00. 


There are now many large textbooks of anaesthesia on the market 
and it is inevitable that competition will ensure that some do not 
survive. The size of the North American market dictates that suc- 
cess may be more assured if contributors are drawn from both 
North America and Europe and that formula may be seen in well- 
known texts which appear to have been edited Mid-Atlantic. 

Chmcal Anesthesia is a predominantly American production with 
100 contributors, of whom 95 are based in the US, three in 
Canada, two in Ireland, one in Germany and one in Belgrum. It is 
a very cost-effective production containing more than 1400 pages 
and 18 inexpensively priced. Clearly, the cost of production has 
been constrained by the use of a small font, light-weight paper, but 
although well-illustrated, many of the figures and especially the 
photographs are of poor quality. In parucular, I studied the chap- 
ter on “Permpheral nerve blockade” and believe that it would be dif- 
ficult to use any of the diagrams contained in this chapter as aids in 
the practical performance of regional blocks. 
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Most large multi-author texts suffer from the disadvantage of 
variability in quality, extent of detail and referencing. However, 
this particular text achieves as good a level of balance as possible in 
these respects. There 1s an adequate synopsis of basic physiology 
and pharmacology where necessary, for example a separate chap- 
ter on cardiovascular anatomy and physiology precedes the chap- 
ter on anaesthesia for cardiac surgery, and there are good accounts 
of renal physiology ın the section on urological surgery, and 
endocrine physiology in the chapter on anaesthesia and the 
endocrine system, etc. It was pleasing to see some lack of 
parochualism in referencing. 

This is not a detailed reference book for those who wish to 
research a topic in detail. However, it is one of the better large text- 
books of anaesthesia and is to be recommended to residents, 
including those studying for both the Primary and Final FRCA 
examination or equivalent. For those who are contemplating pur- 
chasing a textbook for this purpose, the cost of Clhmcal Anesthesia 
makes it a serious candidate for consideration and one which I can 
thoroughly recommend. 


G. Smith 


A Short History of the Section of Anaesthetics of the Royal Society 
of Medwime and the Society of Anaesthensts. T. ML YOUNG. 
Published by the Royal Society of Medicine, London. 
Pp. 222. Price £19.50 (£17 at the Section of Anaesthetics 
Meeting). 


Those anaesthetists who are regular attenders at the Section of 
Anaesthesia meetings will find this small, privately printed, volume 
a mine of fascinating information. Described by its author as 
“essentially a reference work rather than an easy read”, it initially 
gives an intriguing insight mto the intellectual state of Medical 
London in the years around the turn of the last century, which 
resulted in the formation of the Royal Society of Medicme m 
1907. It is interesting to note that at a time when womens’ rights 
were minimal, the Society of Anaesthensts, who admitted women 
to full membership, needed assurances that women would be 
admitted to full Fellowship of the RSM, and not be confined 
merely to membership of the Section, before agreeing to be dis- 
solved in 1908 to become the Section of Anaesthetics of the RSM. 
The role of women in the affairs of the Section over the years 18 
noted by the author. The significance of the Sections within the 
RSM was that this type of organizational structure accorded each 
speciality group (or Section) full recognition as a speciality, and as 
such each became equal citizens within the Societies House (An 
attitude of mind that did not appear to spread too far from 1, 
Wimpole Street until 1948 and the arrival of the NHS.) 

Brief sections then follow on various aspects of the Section’s 
activities over the years, ranging from attendances at meetings, 
topics covered in meetings and the use of audio-visual aides, to 
name but a few. Browsing through these sections, readers might be 
forgiven for thinking that there is little new ın life—only the names 
change! There is a useful chart describing the pedigree of the 
Section of Anaesthetics, and in the section “Foundation of sister 
societies” the development of the Association of Anaestheusts of 
Great Britain and Ireland and the Faculty of Anaestheusts 15 dis- 
cussed briefly. The main body of the text 1s short (approximately 
22 pages), followed by a series of appendices listing details of the 
activities, and office holders, of the Society of Anaesthetists and 
the Section of Anaesthetics (192 pages). 

This book will be a useful addinon to the histoncal secnon of any 
departmental library, but those who have been acuvely mvolved 
with the Section will not regret purchasing their own copies. 


I. M. Corall 








Papers for publication and all editorial communications should be addressed to: 
Dr J. M. Hunter, 

Editor-in-Chief, British Journal of Anaesthesia, 

University Department of Anaesthesia, 

Royal Liverpool University Hospital, 

The Duncan Building, 

Daulby Street, 

Liverpool L69 3GA. 

Tel./Fax: 0151 706 4005 


All business communications should be sent to the Publishers: Professional & Scientific 
Publications, BMA House, Tavistock Square, London WC1H 9JR. 


For advertisement sales, contact Steve McAuley (Tel. 0171 383 6386; Fax 0171 383 6556). 
For commercial reprints, contact Sheila Rowe (Tel. 0171 383 6450; Fax. 0171 383 6556). 


The GUIDE TO CONTRIBUTORS may be found in the advertisement section of any issue of the journal 
(pages ii, iv & vi). 


Published monthly. Annual subscriptions: worldwide £190.00; USA only $304.00 (direct 
orders only). Airmail rates on application. ISSN 0007-0912. Orders must be accompanied by 
payment; cheques should be made payable to Professional and Scientific Publications. Orders 
and payments should be sent to BMJ Publishing Group, PO Box 299, London WC1H 9TD. 
Orders in the USA may be sent to BMJ Publishing Group, PO Box 590A, Kennebunkport ME 
04046, USA. 


While every effort is made by the publishers and editorial committee to see that no maccurate or misleading data, opinions or statements appear 
m this Journal, they wish to make it clear that the data and opinions appearing in the articles and advertsements herem are the responsibility 
of the contributor or advertiser concerned. Accordingly, the publishers and the editorial committee and their respective employees, officers and 
agents accept no liabihty whatsoever for the consequences of any such maccurate or misleading data, opinions or statements. While every effort 
za made to ensure that drug doses and other quanttes are presented accurately, readers are advisec that new methods and techniques mvolv- 
ing drug usage, and described withm this Journal, should only be followed m conjunction with the drug manufacturer’s own published litera- 
ture 


© Copyright: 1998 British Journal of Anaesthesia 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means, electronic, mechanical, photocopying, recording or otherwise, 
without the prior permission of the British Fournal of Anaesthesia, requests for which should be 
addressed to the Publishers. 


Published by Professional and Scientific Publications. 
Printed in Great Britain on acid free paper by the University Press, Cambridge. 


v 
me A 


“I would have everie man write what he knowes and no more.” —MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 








VOLUME 81, NO. 6 


DECEMBER 1998 





EDITORIAL 


Opioids and the immune system 


There has been growing interest in the significance of 
neuropeptides in the immune system which has 
resulted in the recent publication of an editorial’ and 
review which are deserving of interest within the 
anaesthetic community. There is now a considerable 
body of literature which demonstrates a modulatory 
function of the immune system by opioids. This 
modulation takes the form of an alteration in the bio- 
chemical and proliferative properties of the various 
cellular components of the immune system. As many 
of the mechanisms and molecules are almost identi- 
cal within vertebrates and invertebrates, it would 
seem that opioid peptide immunoregulatory mecha- 
nisms first evolved in primitive organisms. Because 
they have been conserved, it would suggest that this 
remains a highly significant mechanism in humans. 

Opioid precursors have been isolated and 
sequenced from a variety of invertebrate species 
(most work has been performed in the leech and 
marine mussel) and these have a very close sequence 
homology with the mammalian counterpart mole- 
cules. For instance, there is a 119 amino acid pro- 
dynorphin-like molecule which has an identical 
number of [LeuJenkephalin sequences to that of 
mammals. The leech has been shown to produce a 
mammalian-like pro-opiomelanocortin (POMC) 
molecule, and six of its peptides, including adreno- 
corticotropin (ACTH), a-melanocyte-stimulating 
hormone (a-MSH) and [Met]enkephalin. The 
proenkephalins from the leech and marine mussel 
possess [Met] and [Leu]enkephalins with relevant 
cleavage sites. In addition, opioid binding experi- 
ments have shown that delta 1 and delta 2 opioid 
receptor subtypes (in common with those in 
humans) are present in leech ganglia and immuno- 
cytes, and mussel immunocytes.” 

Vertebrates and invertebrates have been shown to 
possess a peptide which is a proenkephalin and has a 
strong antibacterial action.” This peptide is called 
enkelytin (proenkephalin-A) and there is a strong 
sequence homology between invertebrate and mam- 
malian enkelytin.” The presence of this strongly 
antibacterial enkelytin further strengthens the associ- 
ation between opioid peptides and the immune sys- 
tem. It has been suggested that immune or neural 
signalling leads to enhanced proenkephalin proteo- 
lytic cleaving thereby causing the release of both 
opioid peptides and enkelytin simultaneously. This 
scenario would allow a two-pronged attack. Opioid 
peptides would modulate neutrophil chemotaxis, 
phagocytic activity and the secretion of cytokines, 
while the simultaneously liberated enkelytin would 
exert an antibacterial action. ¢ 

Because of the involvement of the peripheral and 
central nervous systems with immune function it 
now becomes feasible to consider the link between 


pain and the immune system. A unified response to a 
painful stimulus which would include a sensing 
mechanism providing an initial avoidance response, 
together with a later local analgesic response in the 
tissues from endogenous opioids, and which is 
associated with the release of potent antibacterial 
peptides,” is an ideal scenario. A similar pattern may 
exist in humans.’ 

Corticotropin releasmg hormone (CRH) is an 
important hormone released under stress conditions 
from both the hypothalamus and cells of the immune 
system. Injection of CRH has been shown to produce 
analgesia when injected into sites of local inflamma- 
tion, an effect which is blocked by co-injection of 
antiserum to B-endorphin.* This again suggests a 
possible mechanism whereby local activation of the 
endogenous opioid system from immunocompetent 
cells provides both an analgesic action and 
anti-inflammatory effect. 

Further evidence for the role of immune cells in 
pain control pathways comes from work in rats fol- 
lowing injection of antigen to induce inflammation in 
a paw. Concentrations of B-endorphin were found to 
increase in peripheral tissues while concentrations in 
the lymph nodes which were previously high, 
decreased.’ It is suggested that T lymphocytes may 
be acting as vectors for B-endorphin to inflamed 
tissues. The significance of this hypothesis is that it 
would allow the potential for highly specific opioid 
control of peripheral analgesia by targeted delivery of 
B-endorphin directly to sites of inflammation. This 
would maximize the potential analgesic and anti- 
inflammatory effects of endogenous opioids acting at 
peripheral- receptors and also by inhibiting the 
release of the inflammatory Peptide substance P from 
primary afferent neurones.’ 

It is also possible that opioids released from cells of 
the immune system may modulate release of 
cytokines from the same and other cells of the 
immune system.” Beta-endorphin, [Met]enkephalin 
and [Leu]enkephalin have been shown to inhibit the 
secretion of the pro-inflammatory cytokine inter- 
leukin-6 (IL-6) from mouse spleen.” Also, IL-6 
production from activated peripheral blood 
mononuclear cells is decreased by opioid peptides.” 
On the other hand, cytokines have been shown to 
regulate opioid formation in neural tissue culture 
experiments. Interleukin-1B increases u opioid recep- 
tor mRNA in cultured rat astrocytes and decreases 
proenkephalin mRNA in hippocampal cultures. * 

Proenkephalin mRNA and proenkephalin derived 
peptides have been reported in human lymphocytes, 
monocytes and macrophages. [Met]enkephalin is 
released by human peripheral blood lymphocytes 
which have been activated by phytohaemagglutinin. 
Experiments using a blocking antibody to enkephalin 
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demonstrated decreased DNA synthesis in stimu- 
lated human lymphocytes.“ However, others have 
shown that delta opioid receptor agonists dose 
dependently inhibit the proliferation of cultured 
CD4+ and CD8+ T-cells from mice.” A study using 
specific u, 6 and x opioid receptor agonists have 
shown that they result in significantly decreased 
immunoglobulin production by activated human B 
lymphocytes.” Perhaps these different results are 
caused by the effect of different cell types, different 
species studied or because of the differing effects of 
the various receptor subtypes. 

In addition, there is much interest in the ability of 
chronic opioid use to modify the immune system. 
Much of this work stems from the observation that 
parenteral drug abuse is a significant risk factor for 
contracting human immunodeficiency virus type I 
(HIV-1). Chronic morphine treatment is a mecha- 
nism used in laboratory experiments to render mice 
immunocompromised.” Morphine significantly 
decreases in a dose dependent manner the prolifera- 
tion of stimulated human lymphocytes in addition to 
reducing the production of IFN-a and IFN-B, an 
effect reversed by naloxone.” Gamma interferon- 
stimulated natural killer cell cytotoxicity is signifi- 
cantly suppressed after short-term exposure to 
morphine in humans.” g 

There is now a substantial body of evidence which 
demonstrates that opioids and endogenous opioid 
peptides modulate immune function. Moreover, 
inflammatory mediators have been shown to modify 
the release of opioid peptides from immune system 
cells and also from cells of the peripheral and central 
nervous system. The potential effects of exogenously 
administered opioids on the immune system cannot 
be ignored. Variations in postoperative infection rate 
have not to date been attributed exclusively to the use 
of perioperative opioids as there are many other com- 
pounding factors. However, it would seem most 
likely that opioid use in both the surgical patient and 
the critically ill would have a profound immunomod- 
ulatory effect and we should be cognizant of this 
effect when we chose our anaesthetic, analgesic or 
sedative technique. 


N. R. WEBSTER 
Anaesthesia and Intensive Care 
Institute of Medical Sciences 
Foresterhill 
Aberdeen AB25 2ZD 
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Concentration and second-gas effects in the water analogue 


W.W. MAPLESON AND B. KoRMAN 


Summary 


The water analogue provides a visual model of 
the process of anaesthetic exchange. In the stan- 
dard version, a single pipe connects the mouth 
container to the lung container and the conduc- 
tance of this mouth—lung pipe is proportional to 
alveolar ventilation. This implies that inspired 
and expired ventilations are equal. In fact, with 
high inspired concentrations of nitrous oxide, 
early rapid uptake of gas by solution leads to a 
substantial difference between inspired and 
expired ventilation which in turn leads to con- 
centration and second-gas effects. It is shown 
that by representing inspired and expired venti- 
lations separately, and keeping one of them con- 
stant while varying the other to compensate for 
rapid uptake, concentration and second-gas 
effects are reproduced in the water analogue. 
Other means of reproducing the effects are 
reported but we believe that the first method is 
the most realistic and the most appropriate for 
teaching. (Br. J. Anaesth. 1998; 81: 837-843) 


Keywords: anaesthetics volatile; anaesthetic gases, nitrous 
oxide; pharmacokinetics, uptake; pharmacokinetics, nitrous 
oxide; model, lung; model, water analogue 








Tt is obvious that, in general, the greater the inspired 
concentration of an inhaled anaesthetic the more rapid 
the induction. However, even the approach of the alve- 
olar concentration towards the inspired concentration 
is more rapid at high inspired concentrations than at 
low. This has been termed the “concentration 
effect”. Also, when an anaesthetic agent is used at a 
low concentration (e.g. isoflurane), its alveolar con- 
centration increases more rapidly when the carrier gas 
contains a high concentration of an anaesthetic which 
is itself subject to the concentration effect. This has 
been termed the “second-gas effect”.” 

These effects are well known but poorly under- 
stood. Most explanations are based on Stoelting and 
Eger’s rectangle diagram.” A previous review 
pointed out some deficiencies in these explanations 
and showed how these could be overcome by an 
improved rectangle diagram. This article explores 
how these effects can be explained in terms of the 
water analogue. 


Methods 


THE BASIC WATER ANALOGUE AND ITS DEFICIENCIES 


The basic form of the water analogue of the uptake 
and distribution of inhaled anaesthetics is illustrated 


in figure 1 for nitrous oxide. Full accounts of this 
basic form are available’® but briefly, the nature of 
the analogy is as follows. The water represents the 
anaesthetic itself—ml of water corresponding to, say, 
mmol of anaesthetic. The constant head of water in 
the overflowing “mouth” container represents a con- 
stant inspired concentration—mm head of water cor- 
responding to, say, percent concentration. The water 
level in the lung container represents the concentra- 
tion in that compartment and the level in each tissue 
container represents the gas-phase concentration 
with which that tissue is or would be in equilibrium. 
Alternatively, the water levels can all be interpreted as 
partial pressures, so that each level indicates partial 
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Figure 1 The basic form of the water analogue of the uptake and 
distribution of an inhaled anaesthetic, scaled to represent a 70-kg 
patient” being anaesthenzed with nitrous oxide; alveolar 
ventilation and cardiac output are 4 litre min” and 5 litre min”, 
respectively; FRC=2 litre. The width of each pipe corresponds to 
the transporting ability of the alveolar ventilation (mouth—lung 
pipe) or blood flow (lung—tissue pipes) for the agent'’™; the 
cross-sectional area of each container is proportional to the 
specific storage capacity of the ussue group for the particular agent 
{amount stored per unit partial pressure). Therefore, the width of 
each container 1s proportional to the square root of its specific 
storage capacity. Accordingly, to give the nght visual impression, 
the widths of the pipes (which are all the same length) have been 
made proportional to the square root of their transporting 
abihties. (For a working water analogue, the fourth root would be 
required ) The constant head of water in the overflowing mouth 
container represents a constant inspired concentration and hence 
a constant inspired partial pressure. The water levels in the lung 
and tissue contamers represent the concentrations or parnal 
pressures in those compartments.as fractions of that inspired 
concentration or partial pressure (For the tissues, concentration 
must be taken to mean the gas-phase concentration with which the 
tissue 1s or would be in equilibrium.) Water levels were calculated 
by a computer model’ adapted to match this basic form of the 
water analogue, that 1s without allowing for the concentration 
effect, to illustrate conditions after 1 min administration of nitrous 
oxide 
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pressure as a fraction of the inspired partial pressure. 
(All the containers have been made the same height 
so that those fractions and their differences are read- 
ily apparent.) The cross-sectional areas of the con- 
tainers represent the specific storage capacities of the 
compartments for the anaesthetic (i.e. the amount 
stored per unit partial pressure, for example mmol of 
anaesthetic per atmosphere partial pressure in the 
compartment). The total amount of anaesthetic pre- 
sent in the compartment at any time is equal to the 
specific storage capacity multiplied by the partial 
pressure there at that time. The pipe between the 
mouth and Jung containers represents alveolar venti- 
lation; the pipes between the lung container and the 
tissue containers represent blood flow to each group 
of tissues. (More precisely, these pipes, which are 
all the same length, represent the transporting abili- 
ties of ventilation and blood flows for the particular 
anaesthetic, for example mmol per min of anaes- 
thetic per atmosphere partial pressure difference 
from mouth to lungs or from lungs to tissues.) 
Movement of water between containers occurs in 
response to pressure differences which exist until 
equilibrium is reached. 

When the tap on the mouth-lung pipe is first 
opened, water flows from the mouth container, 
through the pipe to the lung container where the 
water level begins to rise; correspondingly, when the 
vaporizer is turned on, or when nitrous oxide is 
added to the inspired mixture, anaesthetic is con- 
ducted by alveolar ventilation to the lungs where the 
concentration of anaesthetic begins to rise. As the 
water level in the lung container rises, water is con- 
ducted by the connecting pipes to all tissue contain- 
ers where the water levels also begin to rise; 
correspondingly, as the concentration of anaesthetic 
in the alveoli rises, anaesthetic dissolves in blood 
flowing through the lungs and is transported to all 
tissues where concentrations begin to rise. Eventually, 
the water levels come into equilibrium with that in the 
mouth container; that is, neglecting metabolism and 
any loss through skin or operation wound, all tissue 
concentrations come into equilibrium with the 
inspired concentration (if that is held constant for long 
enough) and all partial pressures become the same as 
the inspired partial pressure. Anaesthesia is induced 
when a certain threshold partial pressure is exceeded 
in the brain, represented here as a component of the 
viscera compartment. 

In principle, the water analogue could be used for 
quantitative computation. However, its main justifi- 
cation is the facilitation of “thought experiments”, 
whereby altering features of the analogue to match 
assumed changes in administration of an anaesthetic, 
or changes in the patient, can be seen to produce 
changes in the rates of uptake and in concentrations 
which correspond qualitatively to what happens in 
reality. Used in this way, the water analogue can 
explain a large number of clinically observed phe- 
nomena.’” However, it has a deficiency. 

According to the theory of the basic water ana- 
logue,’ an increase from 1% to 70% inspired concen- 
tration can be achieved without making any changes 
to the containers and pipes of the analogue: it is suffi- 
cient to assume that the height of the mouth con- 
tainer now represents 70 times the concentration that 
it did before, provided that each ml per min flow of 
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water is also assumed to represent 70 times the rate 
of uptake of nitrous oxide as previously. These 
assumptions obviously have no effect on the speed of 
equilibration of water in the analogue. Therefore, the 
basic water analogue suggests that the time to reach 
equilibrium, or any given degree of equilibrium, is 
independent of the inspired concentration; this is 
contrary to the concentration effect. 


THE REASON FOR THE DEFICIENCY IN THE BASIC WATER 
ANALOGUE 


The reason for this deficiency is as follows. There are 
two aspects to the uptake of anaesthetic by solution 
in blood flowing through the lungs: one aspect is 
removal of molecules of anaesthetic from the lungs, 
and this is ‘aithfully represented by the water ana- 
logue—ml per min of water flowing out of the lung 
container corresponding to, for example mmol per 
min of anaesthetic dissolving in blood flow. The other 
aspect is removal of gas volume from the lungs. When 
the inspired concentration is only a few percent, the 
volume removed by solution is only a few ml per min 
but, with 70% nitrous oxide, it can increase rapidly 
to a peak rate of approximately 1 litre min™.'™™ It is 
this rapid removal of gas by solution that results in 
concentration and second-gas effects. 

One possible consequence of the rapid volume 
uptake is a decrease in functional residual capacity 
(FRC). However, any such decrease amounts to only 
a few hundred millilitres.‘ If we neglect this small 
amount, then instead of the inspired and expired 
ventilations being approximately equal as in normal 
respiration, the expired ventilation is substantially less 
than the inspired ventilation, either by the expired 
ventilation decreasing or by the inspired ventilation 
increasing, cr a combination of the two. 

In the water analogue, the flow of water through the 
mouth-—lung pipe is equal to (F—F,)xV, where F, is the 
head of water in the mouth container (the pressure at 
its base), F, is the head of water in the lung container, 
and V, is the conductance of the connecting pipe. 
(Conductance is flow per unit pressure difference— 
the reciprocal of resistance.) This therefore represents 
the rate of uptake of anaesthetic from mouth to lungs 
where F, and F, are now the inspired and alveolar 
concentrations and V, is alveolar ventilation. _ 

Note that the net rate of uptake (F-F,)xV, is the 
difference: flow of anaesthetic into the lungs in inspi- 
ration, Fx, minus flow out in expiration, F,xV. 
(Deadspace ventilation can be ignored because it 
goes into and out of the lungs without any change in 
its anaesthetic content.) 

Similarly, the flow of water through, for instance, 
the lung-muscle pipe is equal to (F-F,)xAxQ_, 
where F, and F, are the heads of water in the lung 
and muscle containers and AxQ,, is the conductance 
of the connecting pipe. This therefore represents the 
rate of uptake of anaesthetic from lung to muscle 
where F, is the gas-phase concentration with which 
arterial blocd is in equilibrium (assumed to be the 
alveolar concentration), F, is the concentration with 
which the venous blood leaving the muscle would be 
in equilibrium (assumed to be the same as that for 
the muscle itself), À is the blood/gas partition coeffi- 
cient, and Q, is the flow of blood through the muscle 
tissues. Here the net rate of uptake (F—F)xAxQ,, is 
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the difference between the flow of anaesthetic from 
lung to muscle in arterial blood, FxAxQ_, minus the 
return of anaesthetic from muscle to lung in venous 
blood, F,xAxQ,,. , 

This method of representing uptake, into the lungs 
and then into the tissues, is adequate for blood 
because the flow of blood to a tissue is essentially 
equal to the return flow from the tissue. On the other 
hand, for alveolar ventilation, the approach is inade- 
quate because the inspired alveolar ventilation is not 
equal to the expired, except when the volume rate of 
uptake from lungs to tissues is negligible. 


OVERCOMING THE DEFICIENCY 


It is possible to elaborate the basic water analogue to 
show the inspired and expired alveolar ventilations 
separately (fig. 2). The mouth container and attached 
pipe are now separated from the lung container and 
raised above it. The height of water in the mouth con- 
tainer still represents the inspired concentration, F, 
but the pipe leading from it now represents only 
the inspired alveolar ventilation, V. There is no 
back pressure at the right-hand end of the pipe so, 
when the tap is opened, the flow through it is FxV, 
and this enters the lung container. This flow of 
water therefore represents the flow of anaesthetic 
into the lungs in the inspired ventilation. The lung 
container still has a ventilation pipe connected to it, 
but this now represents only the expired alveolar 
ventilation, Vi. Its end is open, so water flows 
out at a rate of F.xV,,, thereby corresponding to the 
flow of anaesthetic out of the lungs in the expired 
ventilation. 

Figure 2 depicts the condition before the anaes- 
thetic has started: the on-off tap is closed and both 
ventilation pipes are the same width as the single pipe 
in figure 1. When an inhalation anaesthetic is used at 
low concentrations, the rate of uptake by solution is 
always small, so there is a negligible change in the 
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Figure 2 The basic water analogue, pictured before the 
anaesthetic has started and elaborated to represent mspired and 
expired alveolar ventilation separately. The inspired and expired 
ventilation pipes both have the same dimensions as the single 
inspired/expired ventilation pipe ın figure 1 (both represent an 
alveolar vennlation of 4 litre min”); therefore, as drawn, this 
analogue would function in the same way as that in figure 1. 
However, the separate pipes make it possible to represent a 
difference between inspired and expired alveolar ventilations when 
the volume rate of uptake of anaesthetic from lungs to tissues 
becomes appreciable. 
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ventilation pipes: the analogue in figure 2 behaves in 
the same way as that in figure 1 which is therefore 
adequate for low inspired concentrations. However, 
when the anaesthetic is nitrous oxide at a high con- 
centration, the rate of uptake soon becomes large and 
a substantial difference develops between the widths 
of the two ventilation pipes. It is from this difference 
that the concentration and second-gas effects arise 
(see below). 


Results 


THE CONSTANT-INFLOW CASE 


If inspired ventilation is held constant, as is the case 
with most automatic lung ventilators, the width of 
the inspired ventilation pipe is fixed at that shown in 
figure 2; therefore, neglecting any small change in 
FRC, the width of the expired ventilation pipe must 
decrease. This is illustrated in figure 3A where the 
normal, pre-anaesthetic width of the expired ventila- 
tion pipe is indicated by a dotted line. Thus as the 
rate of removal of gas volume from the lungs by solu- 
tion rapidly increases to its peak during induction, 
and then declines with approach to equilibrium, so 
the expired ventilation pipe must first contract to a 
corresponding extent, and then gradually re-expand 
to equal the inspired ventilation pipe in width when 
uptake ceases—very difficult to accomplish in an 
actual water analogue, but perfectly straightforward 
in a thought experiment. 

Thus in this constant-inflow case, the inspired ven- 
tilation pipe in figure 3a remains the same width as 
that in figure 2, and hence the same as the common 
inspired—expired ventilation pipe of figure 1; there- 
fore, inflow of anaesthetic to the lungs is the same in 
figure 3a as in figure 1. However, loss of anaesthetic 
in expired ventilation is less in figure 3a because of its 
narrowed expired ventilation pipe. Therefore, the 
alveolar concentration increases more rapidly (the 
lower water level (dotted ellipse) corresponds to that 
shown in fig. 1) and so does the rate of uptake from 
lungs to tissues; this leads to more rapid induction 
and a more rapid approach to equilibrium. 
Furthermore, the greater the inspired concentration, 
the greater the rate of uptake, the greater the narrow- 
ing of the expired ventilation pipe, the less the loss of 
anaesthetic and the faster the approach to equilib- 
rium. The concentration effect is thereby reproduced 
in the water analogue. 


THE CONSTANT-OUTFLOW CASE 


If the expired ventilation is held constant (as a spon- 
taneously breathing patient needs to do to maintain 
elimination of carbon dioxide, or as could be done by 
a ventilator with Servo control of the expired tidal vol- 
ume) then it is the width of the expired ventilation 
pipe which is fixed at that shown in figure 2, while the 
inspired ventilation pipe progressively widens as the 
rate of uptake by solution increases to its peak (fig. 38). 
Therefore, loss of anaesthetic in expired ventilation is 
the same in figure 38 as in figure 1, but the supply 
in the inspired ventilation is greater in figure 35. 
Therefore, again, the alveolar concentration increases 
more rapidly, the rate of uptake into the tssues 
increases more rapidly and equilibrium is approached 
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Constant-outflow case 


A Constant-inflow case B 





Figure 3 ‘Two versions of the figure 2 analogue during the anaesthetic. The tissue containers have been omitted for 
compactness and clarity. a: constant-inflow case. The inspired alveolar ventilation has been fixed and 1s identical to that 
in figures 1 and 2 (4 htre min”); the expired alveolar ventilation has been reduced by the volume rate of uptake of nitrous 
oxide by solution; the dotted line indicates the normal, pre-anrzesthetic width of the expiration pipe. B: constant-outflow 
case. The expired alveolar ventilation has been fixed, again identical to that in figures 1 and 2; the mspired alveolar 
ventilation has been creased by the volume rate of uptake; again, the dotted line indicates the normal width of the pipe. 
Both parts of the figure illustrate the conditions after 1 min of administration of 70% nitrous oxde when the rate of 
uptake by solution is near its peak (approximately 1 litre min’) so that in (a), the expired alveolar ventilation is 3 htre 
min” and in (B), the inspired alveolar ventilation is 5 litre min”. The difference ia width between the inspired and expired 
ventilation pipes has been exaggerated deliberately to make it more obvious. Note that the water level in the lung 
container (upper, broken ellipse) is greater with constant outflow (B) than with constant inflow (a) and, in both cases, is 
greater than in figure 1 (lower, dotted ellipse) where the uptake by solution was ignored, which is permissible with low 
inspired concentrations. Rates of uptake and water levels (concentrations) were calculated using the computer model of 


figure 1 adapted to take account of the uptake by solution for each case. 


more rapidly than in figure 1. Also, again, the greater 
the inspired concentration, the greater the rate of 
uptake; so here the greater the widening of the 
inspired ventilation pipe, the faster the approach to 
equilibrium. The concentration effect is thereby again 
reproduced. 

In addition, the extra inflow of anaesthetic in this 
constant-outflow case is, for any given rate of uptake 
by solution, proportional to the inspired concentra- 
tion, whereas the reduction in loss in the constant- 
inflow case is, again at any given rate of uptake, 
proportional to the alveolar concentration. Therefore, 
during induction (F, less than F), at any given rate of 
uptake, the excess net inflow with the figure 3 model, 
over that of the figure 1 model, is greater in the con- 
stant-outflow case (fig. 38) than in the constant- 
inflow case (fig. 3a). This in turn leads to a more 
rapid increase in alveolar concentration in the con- 
stant-outflow case and therefore there is an even 
greater net inflow than in the constant-inflow case. 
Thus as deduced from the enhanced rectangle dia- 
gram,‘ the concentration effect is more marked in the 
constant-outflow case than in the constant-inflow 
case. This is reflected in the higher level of water in 
the lung container in the constant-outflow case. (As 
in fig. 3a, the lower water level (dotted ellipse) corre- 
sponds to that in fig. 1.) 

It is apparent that figure 2 incorporates the con- 
centration effect into the water analogue in a simple 
manner: when the figure is used to simulate different 
inspired concentrations by making appropriate 
changes in the scaling factors, just as was done in 
changing from 1% to 70% nitrous oxide in relation 
to figure 1, no changes are required to the containers 
or to the blood flow pipes; it is sufficient to make the 
appropriate changes to one of the ventilation pipes as 
exemplified in figure 3. 


THE SECOND~GAS EFFECT 


When two agents are used simultaneously, two ver- 
sions of the water analogue are required: each must 
be scaled according to the solubility in blood and tis- 
sues of the agent represented, but both must be 
scaled also according to the physiological character- 
istics of the one patient—body mass, alveolar ventila- 
tion, and so on. In ventilation, the matter of solubility 
does not arise; therefore, the ventilation pipes are 
identical in the two analogues. Suppose that one 
agent is nitrous oxide at a high concentration and the 
other a volatile agent at low concentration. This is 
illustrated in figure 4 for the constant-inflow case, 
with isoflurane as the volatile anaesthetic. Although 
the inspired concentration of isoflurane would be 
much less than that of nitrous oxide, the same height 
has been used for both mouth containers. This sim- 
ply implies the use of different appropriate scaling 
factors for the two analogues, as was done in making 
figures 1 and 2 represent 1% or 70% nitrous oxide. 
The water levels in the lung and tissue containers of 
each analogue represent the partial pressures there as 
fractions of the relevant inspired partial pressure. 

In figure 4 the large volume rate of uptake of 
nitrous oxide has made the expired ventilation pipe 
of both analogues contract; therefore, there is less 
loss of the volatile anaesthetic than if it were present 
on its own. In the constant-outflow case (not illus- 
trated) the inspired ventilation pipe of both ana- 
logues would be enlarged by the uptake of nitrous 
oxide; therefore, there would be a greater inflow of 
the volatile anaesthetic than if it were present on its 
own. Thus, in both cases, uptake of the volatile, the 
“second gas”, is facilitated by the effect of the uptake 
of nitrous oxide on ventilation, that is, the water ana- 
logue of figure 2 allows the second-gas effect to be 
reproduced. 


Concentration and second-gas effects in the water analogue 
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Figure 4 A parr of water analogues for the simultaneous 
administration of (4) nitrous oxide and (8) isoflurane. The 
conditions are assumed to be otherwise as ın figure 3a (the 
constant-inflow case with alveolar ventilanon=4 litre min” 
inspired, 3 litre min” expired). The concentration of isoflurane 
would be much less than that of nitrous oxide but, ın accordance 
with custom,” the containers are the same height for both 
anaesthetics. This is because the height of each mouth contamer 
simply corresponds to the inspired concentration, and therefore to 
the inspired partial pressure, whatever that may be; and the water 
levels ın the lung and tissue containers represent the parnal 
pressures there as fractions of that inspired partial pressure. Note 
that the reduced expired alveolar ventilation (because of the large 
volume uptake of nitrous oxide) applies to the isoflurane analogue 
in addition to that for nitrous oxide. Therefore there is leas loss of 
woflurane in expired gas than there would be for isoflurane on its 
own, when the expired alveolar ventilation pipe would be the same 
width as the inspired one (as indicated by the dotted line). The 
figure illustrates the condition after 1 min of administration of 
70% nitrous oxide plus 2% isoflurane; the lower, dotted ellipse in 
each container indicates the water level (partial pressure) which 
would exist if the inspired nitrous oxide concentration were 

only a few percent, that is with no concentration or second-gas 
effect. 


Discussion 


EFFECTS WITH OTHER ANAESTHETICS 


In the argument above, the concentration and sec- 
ond-gas effects have been presented in terms of 
nitrous oxide. The effect still occurs with xenon and 
desflurane, but to a lesser extent. Xenon needs to be 
used in similar concentrations but has only one-third 
the solubility of nitrous oxide in blood”; desflurane 
has similar solubility’® but is used at no more than 
one-quarter of the concentration. Historically, the 
effects were large with diethyl ether” because its very 
high solubility in blood, approximately 25 times that 
of nitrous oxide, * more than compensated for th 

lower concentrations used. : 
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COMPARISON BETWEEN THE WATER-ANALOGUE-BASED 
AND RECTANGLE-DIAGRAM-BASED EXPLANATIONS 


The above argument shows how the improved form 
of the water analogue in figure 2 leads, through fig- 
ures 3 and 4, to an explanation of the concentration 
and second-gas effects; but how does this relate to 
the notably different approach‘ based on Stoelting 
and Eger’s rectangle diagram?” 

In reality, gas flows into the lungs continuously 
during all or most of the inspiratory phase of ventila- 
tion, and it flows out of the lungs continuously, usu- 
ally during most or all of the expiratory phase. 
Meanwhile, during induction and maintenance of 
anaesthesia, uptake of inhaled anaesthetic by solu- 
tion in blood flowing through the lungs occurs con- 
tinuously throughout the whole of the respiratory 
cycle. Consequently, the inspired tidal volume is 
greater than the expired, and inspired ventilation is 
greater than expired ventilation. (Remember that 
“ventilation” is the inspiratory or expiratory flow 
averaged over the whole of the respiratory cycle.) It is 
this difference between inflow and outflow which 
leads to the concentration and second-gas effects. 

The rectangle-diagram-based explanations of 
these effects have simplified this reality into a dis- 
crete, breath-by-breath model in which each breath is 
composed of four separate phases: inspiration (with 
no uptake); mixing of inspired gas with gas in the 
FRC (with no change in volume); uptake by blood 
(with contraction of lung volume but no inspiration 
or expiration); and expiration (with no uptake). 
Therefore, these explanations are in terms of volumes: 
tidal volumes and uptake volume per breath. The 
water analogue simplifies reality to the opposite 
extreme: inspiration, expiration and uptake into the 
blood are all continuous and simultaneous. 
Therefore, explanations of the concentration and 
second-gas effects are in terms of flows: inspired and 
expired ventilations and rates of uptake. 

In rectangle-diagram-based explanations, the con- 
centration and second-gas effects are seen to arise 
from the need to conserve volume: volume inspired 
equals volume taken up plus volume expired (plus or 
minus any decrease or increase in FRC, which is usu- 
ally taken to be zero). In water-analogue-based 
explanations the effects are seen to arise from the 
need to conserve flow: inspired ventilation equals 
expired ventilation plus rate of uptake (plus or minus 
any rate of change in FRC). 

The merit of the water analogue is that it provides 
something very close to a one-to-one correspon- 
dence between itself and the physiology of the body 
combined with the physicochemistry of the anaes- 
thetic. Its limitation is that, in thought experiments, 
its predictions are only qualitative. The merit of the 
rectangle-based approach is that it can be quantita- 
tive—for a single breath, and given specified initial 
conditions. Its limitation is perhaps that it has to be 
presented in terms of numerical examples. 

-Perhaps the most striking difference in the detail of 
the two approaches is as follows. In the rectangle dia- 
gram, both effects are seen to arise from a concentrat- 
ing effect. In the water analogue, the only 
circumstance where this would occur is in airway 
obstruction, or if the patient were assumed to be con- 
nected to a ventilator which forced the inspired and 
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expired ventilations to be equal. In either case, 
uptake of nitrous oxide would result in a reduction 
in FRC which would be represented by the lung 
container shrinking laterally, thereby raising the level 
of the contained water. This would correspond to 
increasing the alveolar concentration of the anaes- 
thetic represented—a concentrating effect. 


ALTERNATIVE METHODS OF INCORPORATING THE 
CONCENTRATION AND SECOND-GAS EFFECTS IN THE 
WATER ANALOGUE 


There has been one previous attempt at incorporat- 
ing the concentration and second-gas effects into the 
water analogue.” This retained the common 
inspired—expired ventilation pipe but added a second 
mouth container and pipe above the main one, as in 
figure 5. For the constant-outflow case (fig. 5a) the 
head of water in the extra container is the same as in 
the main mouth container (corresponding to the 
inspired concentration); the extra pipe, which dis- 
charges into the lung container, represents only the 
flow of gas needed to compensate for the rate of gas- 
volume uptake by solution. Thus the pipe expands 
from zero width to a maximum as the rate of uptake 
increases to its peak, and then gradually contracts 
down towards zero as equilibrium is approached. 
Figure 5a is effective in specifically drawing attention 
to the extra inflow but it is a less direct representation 
of reality than figures 2 or 3. 

For the constant-inflow case, it should be noted 
that figure 1 represents an expired ventilation equal 
to the inspired ventilation, whereas the former 
should be less than the latter by the rate of uptake by 
solution. The rate of loss of anaesthetic in expired 
ventilation is therefore too great in figure 1 by an 
amount equal to this volume rate of uptake multi- 
plied by the alveolar concentration (as a fraction of an 
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atmosphere). This excess loss is compensated in fig- 
ure 5B by using an extra pipe to represent, as before, 
the rate of uptake by solution, but making the height 
of the extra mouth container correspond to the (con- 
tinuously changing) alveolar concentration instead of 
to the inspired concentration. 

The one merit of retaining the common ventilation 
pipe, and adding an additional rate-of-uptake pipe 
(with additional mouth container) is that the only 
apparent difference between the constant-inflow and 
constant-outflow cases is the height of water in the 
extra mouth container; this corresponds to the 
inspired concentration in the constant-outflow case 
(fig. 5a) and to the alveolar concentration in the con- 
stant-inflow case (fig. 5B). This makes it very clear 
that the concentration and second-gas effects are 
more marked in the constant-outflow case. However, 
this clarity is bought at the cost, in the constant- 
inflow case, of first grappling with the idea of over- 
representing loss in the expired ventilation and then 
compensating for that by an extra inflow of anaes- 
thetic in an additional inspired-only ventilation. 

To represent the second-gas effect by this alternative 
method would require a separate analogue for each 
agent, much as in figure 4. The blood-flow pipes and 
the tissue containers would be characteristic of each 
agent, but the common, inspired—expired ventilation 
pipe and the extra inflow pipe would be the same 
width for both agents. The extra inflow pipes would 
each represent the sum of the volume rates of uptake 
by solution af the two agents (here dominated by the 
uptake of nitrous oxide); each extra mouth container 
would have a height corresponding to the particular 
inspired or alveolar concentration for the constant- 
outflow and constant-inflow cases, respectively. 

All the methods described so far for representing 
the concentration and second-gas effects in the water 
analogue involve continuously varying the width of 
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Figure 5 An alternative way of incorporating the concentration effect into the water analogue. A: Constant-outflow 
case. (Note the order of the cases has been removed compared with fig. 3.) The common alveolar ventilation pipe 
represents the initial, pre-anaesthetic alveolar ventilation (4 litre mim”) as in the basic water analogue of figure 1; the 
additional narrow prpe represents the extra inspired-only alveolar ventlation needed to compensate for the rate of 
uptake by solution (approximately 1 litre min™ at 1 min as in figures 3 and 4). The height of the additional overflowing 
contammer is the same as that of the mouth container, that 1s ıt corresponds to inspired concentration. This figure is 
similar to figure 3s except that the extra inspired alveolar ventilation is shown separately, instead of being accommodated 
by widening the separate inspired-ventilation pipe. B: Constant-inflow case. The features are similar to the 
constant-outflow case but the height of the extra overflowing container is now the same as the height of water in the lung 
container, that 1s 1t corresponds to alveolar concentration. The additional flow of water into the lung container, again 
approximately 1 litre min“, compensates for an excessive loss ın the mouth—lung pıpe (see text), which is prevented in 
figure 3a by a narrowing of the expired ventilation pipe. As in figures 3—4, the lower, dotted ellipses indicate the levels in 


the absence of the concentration effect. 


Concentration and second-gas effects in the water analogue 


one of the ventilation pipes in accordance with the 
varying rate of uptake by solution. This is perfectly 
satisfactory in a thought experiment, but impractical 
in a physical analogue. Before digital computers 
became available, there was a need to incorporate 
these effects in an electric analogue for the purpose 
of computation.” * Then the problem was solved by 
showing that the concentration effect was mathemat- 
ically equivalent to a reduction in solubility in blood 
and tissues, and by finding a practical method of 
implementing this when setting up the analogue for 
any particular computation. 

Some such arrangement might be useful to demon- 
strate the effects in a physical water analogue but such 
a model would not aid the understanding of how the 
effects arise. However, in a computer graphics simu- 
lation of the water analogue, it would be perfectly 
practicable to incorporate the necessary continuous 
variation in the width of a ventilation pipe and in the 
water levels in the lung and tissue containers. This 
would simultaneously explain and demonstrate the 
concentration and second-gas effects. 

We conclude that thè water analogue is a valuable 
tool for teaching and the basic form (fig. 1) is ade- 
quate to explain most features of the pharmacokinet- 
ics of inhaled anaesthetics. When the concentration 
and second-gas effects are to be explained, one of the 
modifications described here is required. We believe 
that the version shown in figure 2, as elaborated in 
figures 3 and 4 (devised, and used for the past 10 yr, 
by one of us—W. W. M.), provides the most realistic 
and helpful explanation. 
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Comparison of the myocardial effects of desflurane and isoflurane in 
healthy patients: assessment by continuous oesophageal aortic blood 


flow echo-Doppler 


P.-Y. GUEUGNIAUD, G. VAUDELIN, M. BERTIN-MaGuirt, C. BOUCHARD, R. STAGNI AND P. PETTITT 


Summary 

Experimentally, desflurane causes a moderate 
positive inotropic effect and a transient increase 
in arterial pressure with rapid increases in con- 
centration compared with isoflurane. We used a 
continuous oesophageal aortic blood flow echo- 
Doppler device to study the myocardial effects of 
equi-anaesthetic concentrations of isoflurane 
and desflurane in 32 healthy patients undergo- 
ing superficial surgery. After induction of anaes- 
thesia with midazolam, etomidate and fentanyl, 
general anaesthesia was maintained in 16 
patients with 0.6% end-expired concentration of 
isoflurane and in 16 patients with 3% end- 
expired concentration of desflurane. Isoflurane 
induced a rapid decrease in aortic blood flow 
(ABF) which remained almost stable whereas 
desflurane induced an early, moderate and tran- 
sient increase in ABF (1 min after introduction of 
the halogenated agent, mean ABF was 107 (sp 3)% 
in the desflurane group vs 95 (9)% in isoflurane 
group compared with control values before 
introduction of the inhalation agent; P=0.005), 
followed by a marked secondary decrease in 
ABF. The maximal decrease in ABF reached 71 
(15)% of its initial value in the desflurane group 
compared with 80 (14)% in the isoflurane group 
(ns). Neither agent caused significant changes in 
other variables except for Per’, which decreased in 
both groups. Continuous ABF echo-Doppler moni- 
toring demonstrated an early transient positive 
inotropic effect of desflurane. (Br. J. Anaesth. 
1998; 81: 844-849), 


Keywords: measurement techniques, blood flow; measure- 
ment techniques, echo-Doppler; anaesthetics volatile, desflu- 
rane; anaesthetics volatile, isoflurane; heart, myocardial 
function 





Isoflurane and desflurane are inhalation anaesthetic 
agents which classically result in similar decreases in 
cardiac function.’ However, desflurane may allow 
maintenance of higher mean arterial pressure by less 
decrease in systemic vascular resistance than isoflu- 
rane.’* In contrast with isoflurane, rapid increase in 
desflurane concentration can increase heart rate and 
arterial pressure by sympathetic activation.** The 
precise mechanism of this sympathetic activation is 
not completely understood and may involve airway 
irritation by this pungent agent, transient disinhibi- 
tion of centres modulating sympathetic efferent out- 


flow, and/or peripheral action on sympathetic nerve 
endings. ° A recent in vitro study suggested that in rat 
myocardium, desflurane induced a moderate positive 
inotropic effect compared with isoflurane.” 

Experimental studies comparing the cardiovascu- 
lar effects of isoflurane and desflurane are numerous 
but clinical investigations in healthy patients are not 
available. Invasive haemodynamic monitoring is 
necessary for such assessment, but is generally not 
indicated in common surgical procedures. 

A non-invasive method using an aortic blood flow 
(ABF) ultrasound machine has previously proved 
reliable” anc recently its value for anaesthetic moni- 
toring has been documented.” Therefore, we con- 
ducted a clinical study to non-invasively compare 
haemodynamic changes induced by general anaes- 
thesia with equi-anaesthetic concentrations of isofilu- 
rane or desflurane, using this new continuous 
oesophageal ABF echo-Doppler device. 


Patients and methods 


With the approval of the local Ethics Committee and 
after obtaining written informed consent, we studied 
32 consecutive patients, aged 18-65 yr, ASA I, who 
suffered burns (burn surface area=1-30% of the 
total body surface area) and who required superficial 
surgical procedures. Patients undergoing surgery 
during the first 5 days after injury and those with an 
inhalation injury, sepsis or suspected oesophageal 
disease were excluded. The 32 patients were allo- 
cated randomly to receive either isoflurane or desflu- 
rane. 

All patients were premedicated with hydroxyzine 
100 mg and alprazolam 1 mg orally, 1 h before 
surgery. General anaesthesia was induced with mida- 
zolam 0.05 mg kg’, etomidate 0.4 mg kg” and fen- 
tanyl 3 pg kg” i.v. and neuromuscular block was 
achieved with vecuronium 0.1 mg kg™. After orotra- 
cheal intubation, the lungs were ventilated mechani- 
cally (tidal volume 12 ml kg”, ventilatory frequency 
12 bpm) (Cato, Drager, Liibeck, Germany). 
Anaesthesia was maintained initially by nitrous oxide 
(40% oxygen-60% nitrous oxide), and after the first 
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Myocardial effects of desflurane and isoflurane 


haemodynamic measurements, by isoflurane or des- 
flurane at equi-anaesthetic concentrations, using a 
rebreathing (semi-closed) system with soda lime as 
the carbon dioxide absorbent: the planned end- 
expired concentration (EEC) of isoflurane was 0.6% 
and desflurane, 3%. 

After induction of anaesthesia, non-invasive con- 
tinuous haemodynamic monitoring was performed 
with an oesophageal echo-Doppler aortic blood 
flowmeter (Dynemo 3000, Sometec Inc, Paris, 
France). Using continuous data provided by this 
device, an initial haemodynamic assessment was 
made after insertion of the probe, 5 min after the end 
of induction, and just before introduction of the 
halogenated agent (f,). Thereafter, data were 
recorded at the following times: 1 min after the intro- 
duction of the halogenated agent (z,); 5 min after the 
EEC of isoflurane reached a constant of 0.6% or of 
desflurane, 3% (z); 30 min after a constant EEC of 
halogenated anaesthetic (t,); and just before the end 
of the isoflurane or desflurane inhalation period (¢,). 


MEASUREMENT PRINCIPLE 


By definition, the flow rate (Q) passing through a 
cross-section of a blood vessel can be expressed 
as: O=Axv, where A=cross-section of the vessel and 
v=a spatial average velocity of blood over the entire 
cross-section. From the circular section of the tho- 
racic aorta, the cross-sectional area can be calculated 
when the diameter is known (A=(1D2)/4). Velocity is 
measured using the Doppler formula: v=[(CxAF)/ 
(2Fe xcos ®)], where C=ultrasound velocity inside 
the blood, AF=frequency variation of emitted ultra- 
sounds, Fe=emission frequency and ®=angle between 
the beam and the direction of blood motion. 
Determination of the real ABF requires simultane- 
ous and continuous measurement of the aortic cross- 
section and of the blood velocity inside the aorta, at 
the same anatomical level where the aorta and 
oesophagus are nearly parallel. For the velocity mea- 
surement, the angle of incidence remains constant 
because a water-inflated balloon surrounding the 
transducers maintains the probe in a fixed position. 


FLOWMETER AND PROBE 


The flowmeter comprises three main parts: M-mode 
imaging system for continuous aortic diameter 
measurement, pulsed Doppler for descending aortic 
blood velocity measurement and a microprocessor 
system allowing flow calculations and integrating 
signals from peripheral devices to create a non- 
invasive haemodynamic profile. 

The oesophageal probe has two ultrasound trans- 
ducers. The first is a 10-MHz M-echo scanner with 
an emission narrow parallel beam of only 3 mm. It is 
located at the distal part of the probe perpendicular 
to the centre line. The second is a 5-MHz Doppler 
pulsed emission transducer mounted at an angle of 
60° in relation to the centre line of the probe: the 
pulsed Doppler is emitted with a 20° divergent beam 
and the gate Doppler signal depth is adapted auto- 
matically to the diameter of the aorta. Divergence of 
+20° of the Doppler beam allows insonation of the 
whole surface of the cross-section of the aorta. 
Insonation may be partial, if only part of the Doppler 
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emission reaches the aortic target. To avoid errors 
from partial insonation of the aorta by the Doppler 
beam, the Dynemo 3000 uses an echographic orien- 
tation of the Doppler beam. Another error may occur 
if the negative systolic speed waves determined by 
blood cells moving back column does not occupy the 
whole section of the aorta. If the negative flow is cal- 
culated using the total aortic section, overestimation 
is systematically obtained. To avoid this problem, a 
proper balance of the diastolic velocity measurement, 
based on the detection of the residual energy of the 
Doppler signal, is used. 

A cylindrical latex balloon is mounted on the 
sheath to be inflated with 8 ml of water. This inflated 
balloon maintains a constant angle of incidence of 
the ultrasound beams and allows the transducers to 
rotate freely without contact against the oesophageal 
mucosal wall. It ensures transmission of ultrasound 
waves without air interposition and dissipates any 
heat produced. The 10-MHz M-mode scan and the 
5-MHz pulsed Doppler system allow very clear 
image resolution. The angle of incidence of the 
Doppler beam at 60° (complementary: 30°) was 
chosen to permit the Doppler ultrasound cut to be 
performed at the same level as the echographic cut 
over the descending aorta, allowing measurement of 
the diameter and blood velocity simultaneously at 
the same anatomical level. 


HAEMODYNAMIC MONITORING 


Just after induction of anaesthesia, the oesophageal 
ultrasonic probe was inserted and positioned. The 
depth of the probe in the oesophagus varied accord- 
ing to the height of the patient. The probe was first 
placed on the skin surface along the naso- 
oesophageal route and depth was measured on the 
probe between the echo transducer externally placed 
on the third intercostal juxtasternal space and a slide 
rubber ring placed at the level of the nose. The corre- 
sponding mark on the probe is a guide to depth limit. 
This distance corresponded to the approximate level 
where the aorta and oesophagus are parallel. The 
probe is then introduced into the oesophagus. Other 
monitoring devices are connected to the flowmeter: 
an oscillometric non-invasive sphygmomanometer 
which provided systolic and diastolic arterial pressure 
values; and an ECG (Propaq 104 EL, Protocol, 
Beaverton, USA). 

The device calculates ABF, mean arterial pressure 
(MAP), heart rate (HR), stroke volume (obtained 
from the formula SV=ABF/HR) and systemic vascu- 
lar resistance (SVR=MAP/ABFx79.9 whenever a 
new arterial pressure is provided). These two vari- 
ables are indexed to ABF. Systolic time intervals 
(STD were measured from the Q wave of the ECG 
signal and the acceleration signal was derived from 
the Doppler velocity signal. Opening and closing of 
the aortic valve were detected from the acceleration 
signal. The computer determined the duration of the 
pre-ejection period (PEP) between the Q wave and 
the beginning of the systolic acceleration front, corre- 
sponding to aortic valve opening. Starting at the end 
of PEP, left ventricular ejection time (LVET) was 
obtained by detecting the acceleration signal, the sec- 
ond maximum of systolic deceleration corresponding 
to aortic valve closure.“ PEP and LVET were mea- 
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Table 1 Patient and operation characterisucs (mean (sD) 
[range]). BSA=Burned surface area; Anaesthesia=duration of 
anaesthesia 








Variable Isoflurane group Desfturane group 
Age (yr) 36.4 [18-53] 34.6 [18-52] 
Weight (kg) 68 (11) [52-85] 72 (9) [47-85] 
Height (cm) 169 (9.5) [152-185] 172 (6.3) [157-180] 
BSA (%) 13.3 (12.1) [1-30] 7.06 (5.8) [2-20] 


Anaesthesia (mm) 112.8 (72.8) [30-270] 83.6 (41.5) [45-230] 


sured automatically and continuously and indexed to 
HR, according to the formula of Weissler, Harris and 
Schoenfeld.” PEP/LVET ratio was also calculated 
automatically. Monitoring of PE’... (associated with 
measurement of the inspiratory and expiratory con- 
centrations of the inhalation anaesthetics) by an 
infra-red analyser (Normocap 200, Datex, Helsinski, 
Finland) together with the haemodynamic profile 
provided simultaneous analysis of the variations in 
ABF and Pea ** The haemodynamic values can 
be stored every 2 min (or at the operator’s request) 
on floppy disc. 

Results are expressed as mean (SD) or percentage 
of control values (4). Data were compared using 
Student ¢ test. The effects of halogenated agents were 
compared using a repeated-measures analysis of vari- 
ance (ANOVA) and the Newman-Keuls test. P<0.05 
was considered statistically significant. 


Results 


Patient characteristics are shown in table 1. Thirty- 
two patients (27 males) were consecutively included: 
16 received isoflurane and 16 desflurane. Mean age 
was 35 (range 18-53) yr and mean body surface area 
was 1.82 (sp 0.16) m°. 

There were no significant differences between 
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groups but there was a trend towards a greater 
burned surface area and longer anaesthesia in the 
isoflurane group. The EEC of isoflurane and desflu- 
rane were relatively constant after induction 
(EEC=1.2 % and 4.5%, respectively, during induc- 
tion, 0.7% and 3.1% at t, 0.7% and 2.9% at 4, and 
0.6% and 2.9% at t, respectively). Aortic diameter 
and ABF measurements were easily obtained in all 
patients. The quality of the aortic wall picture was 
excellent and diameter remained stable with less than 
3% variation during the recordings (maximal 
recorded variation of the aortic diameter value for 
the same patient during the entire monitoring). No 
incident was noted with the device. 

Table 2 shows the haemodynamic variations 
induced by isoflurane and desflurane. There were no 
significant changes in HR or MAP throughout the 
study in either group (fig. 1). PB’¢9, decreased mod- 
erately in both groups with a greater decrease in the 
desflurane group. In contrast, the other haemo- 
dynamic measurements showed variations during 
anaesthesia which differed between groups (fig. 2). 
One minute after introduction of the volatile anaes- 
thetic agent, ABF and SV increased in the desflurane 
group and decreased in the isoflurane group: at t, 
ABF= 107 (3)% in the desflurane group compared 
with 95 (9)% in the isoflurane group (P=0.005) and 
SV=104 (7)% vs 96 (12)%, respectively (P=0.04). 
This difference persisted after constant equi- 
anaesthetic EEC for 5 min: at 4, ABF=96 (9)% vs 80 
(13)% (P<0.0001) and SV=97 (16)% vs 81 (18)% 
(P=0.02), respectively. Between £t and ż„ the 
decrease in ABF remained stable with isoflurane at 
80 (14)% of its initial value at 4, whereas ABF 
decreased at t, and ¢, with desflurane, reaching 71 
(15)% of its initial value at 1, P=0.08) (fig. 2). The 
variations were comparable for SV and opposite for 
SVR, with a significantly higher value at 4, in the 


Table 2 Comparison of the haemodynamic variations induced by desflurane and isoflurane (mean (sp)) 4,=Before halogenated agent 
(control values); .=1 mun after introduction of the agent; 4=5 min after the EEC of isoflurane reached 0.6% or desflurane, 3%; t,=after 

30 min of inhalation of the anaesthetic agent; t,=end of inhalation period. ABF=Aortic blood flow; MAP=mean arterial pressure; HR=heart 
rate; SV=stroke volume; SVR=systemic vascular resistance; PEPi=pre-ejection period indexed to HR; LVETi=left ventricular ejection ume 
indexed to HR, PE’.9,=end udal carbon dioxide pressure; Sp, =arterial hemoglobin saturation; EEC=end-expired concentration; 
Iso=isoflurane; Des=desflurane *P< 0.05; **P<0 001 vs baseline values (£) (ANOVA and Newman-Keuls test) 


h t, 
ABF (litre min`’) Iso 3,9 (1,2) 3,7 (1,2) 
Des 4,4 (1,3) 4,7 (1,4) 
MAP (mm Hg) Iso 84 (18) 82 (18) 
Des 82 (16) 81 (13) 
HR (beat min”) Iso 80 (19) 79 (16) 
Des 68 (16) 68 (13) 
SV (ml) Iso 50 (19) 48 (15) 
Des 67 (27) 70 (26) 
SVR (dyn s cm”) Iso 1831 (570) 1912 (654) 
Des 1633 (564) 1500 (486) 
PEPi (ms) Iso 161 (16) 168 (14) 
Des 166 (17) 173 (15) 
LVET: (ms) Iso 404 (29) 403 (34) 
Des 411 (31) 407 (28) 
PEP/LVET Iso 0.40 (0.04) 0.42 (0.05) 
Des 0.41 (0.06) 0.43 (0.05) 
PE co, (kPa) Iso 4.5 (0.7) 4.4 (0.7) 
Des 4.8 (0.7) 4.8 (0.8) 
So, (%) Iso 99 (1) 99 (1) 
Des 99 (1) 99 (1) 
EEC (%) Iso 0 1,2 (0,3) 
Des 0 4,5 (0,5) 
Aortic diameter (mm) Iso 19.5 (2.9) 19.3 (2.7) 


Des 20.6 (2.5) 20.6 (2.5) 





t, t, P 
3,1 (1,0)** 3,0 (1,0)** 3,1 (0,9)** 

4,2 (1,4) 3,5 (1,2)** 3,1 (0,7)** 005 
79 (15) 78 (11) 80 (14) 

75 (16) 82 (15) 77 (10) ns 
79 (17) 75 (16) 76 (14) 

65 (9) 64 (7) 62 (9) ns 
40 (11)* 41 (12)* 42 (15)* 

65 (21) 56 (20)* 50 (14)** 005 
2228 (615)* 2240 (666)* 2252 (711) 

1576 (718) 2099 (802)* 2146 (607)** 0.05 
171 (18) 174 (24) 173 (23) 

181 (24) 187 (24) 196 (25) ns 
404 (40) 393 (39) 391 (35) 

400 (21) 378 (27) 363 (25)* 0.05 
0.43 (0.08) 0.45 (0.10) 0 45 (0.08) 

0.46 (0.07) 0.50 (0.07)* 0.54 (0.09)** 0.05 
4 4 (0.5) 4.3 (0.5) 43 (0.7) 

4.5 (0.7) 4.4 (0.7) 4.3 (0.5)* 0.05 
99 (1) 99 (1) 99 (1) 

98 (1) 99 (1) 99 (1) ns 
0,7 (0,2) 0,7 (051) 0,6 (0,2) 

3,1 (0,5) 2,9 (0,3) 2,9 (0,2) = 
19.1 (2.9) 19.3 (2.9) 19.6 (2.9) 

20.5 (2.4) 20.6 (2.5) 20.8 (2.7) ns 
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Figure 1 Changes in mean arterial pressure (MAP) and heart rate (HR) with desflurane and isoflurane, expressed as 
percentage of control values (¢,). Data are mean (sp). No significant differences. 


isoflurane group (96 (17)% ws 122 (35)%, respec- 
tively; P=0.01) (fig. 2). PEPi gradually increased in 
both groups. LVETi decreased between ¢, and ¢, but 
more obviously in the desflurane group at £ (88 (7)% 
vs 97 (10) %, respectively; P=0.02). PEP/LVET ratio 
was significantly greater in the desflurane group 
compared with the isoflurane group at the end of the 
inhalation period (at £: 132 (22)% vs 112 (16)%, 
respectively; P=0.0003). 


Discussion 


Desflurane is a relatively new inhalation anaesthetic 
agent which differs from isoflurane only in the substi- 
tution of a fluorine for a chlorine atom,” with a lower 
blood solubility and a lower tissue—blood partition 
coefficient." These characteristics indicate more 
rapid equilibration between tissues and blood and 
more precise control of alveolar anaesthetic concen- 
tration for desflurane.” Consequently, desflurane 
could be a useful agent, but its effects on the circula- 
tion have yet to be well established. 

Comparisons between the cardiovascular effects of 
isoflurane and desflurane have been made for several 
years. Weiskopf and colleagues” and Merin and col- 
leagues’ studied the cardiovascular effects of desflu- 
rane in chronically instrumented swine or dogs, and 
showed that desflurane induced myocardial depres- 
sant effects which were similar to those produced by 
equi-anaesthetic concentrations of isoflurane. Pagel 
and co-workers” reported that desflurane induced 
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less depression of myocardial contractility and less 
decrease in arterial pressure than isoflurane in chron- 
ically instrumented dogs. These differences were 
suppressed by autonomic nervous system block, 
suggesting that desflurane has a less depressant effect 
on autonomic activity. 

Ebert and Muzi‘ reported that, in contrast with 
isoflurane, an increase in the vaporizer setting for 
desflurane from 1 to 1.5 MAC increased mean arter- 
ial pressure and muscle sympathetic nerve activity in 
human volunteers. Weiskopf and colleagues,’ in a 
randomized clinical study, demonstrated that rapid 
increases in desflurane concentration to greater than 
1 MAC caused transient sympathetic activation with 
increases in heart rate and arterial pressure. Sites 
mediating this sympathetic activation appeared to be 
located in the upper and lower airways, but the possi- 
bility of sites outside the airway must be considered.”* 

A recent in vitro study in isolated rat myocardium 
showed that desflurane induced a moderate positive 
inotropic effect compared with isoflurane.’ This 
effect was related to intra-myocardial catecholamine 
release. Intra-myocardial catecholamine release 
could be one of the mechanisms participating in the 
sympathetic activation observed in vivo with desflu- 
rane. 

In our study, whereas we did not observe any varia- 
tion in HR or MAP, ABF and SV increased tran- 
siently in the desflurane group at the beginning of 
inhalation. This transient increase in ABF and SV with 
desflurane confirms the possible positive inotropic 
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Figure2 Changes in aortic blood flow (ABF) and systemic vascular resistance (SVR) with desflurane and isoflurane, expressed as 
percentage of control values (t). Data are mean (sp). *P<0.05, **P< 0.001 vs control values. 
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effects observed in isolated rat myocardium,’ and also 
the sympathetic activation described during a rapid 
increase in desflurane inhalation.” We found a more 
marked decrease in ABF during maintenance of 
anaesthesia in the desflurane group. The lack of vari- 
ation in MAP and HR could explain the increased 
SVR with isoflurane and desflurane during anaesthe- 
sia, but as SVR is calculated from ABF, the accuracy 
of this variable could be suspect. After the transient 
increase in ABF and SV in the desflurane group, we 
observed a consistent decrease in ABF, associated 
with an increase in PEP/LVET ratio in both groups. 
PEP/LVET ratio provides a simplified expression of 
alterations in STI, and thus the variations in 
PEP/LVET ratio reflect inotropic variables. In nor- 
mal adults, this ratio averages 0.35 (0.05), and a 
PEP/LVET ratio increasing to 0.44 denotes 
decreased left ventricular performance.” Hence the 
longer term changes with both halogenated anaes- 
thetic agents probably indicates a late decrease in 
myocardial contractility. The concomitant decrease 
in Pr’,o, can reflect impairment in tissue perfusion,” 
which could also be related to late alterations in car- 
diac performance, particularly in the desflurane group. 
Nevertheless, we cannot exclude the fact that the pri- 
mary effects of these agents were on SVR and were 
unrelated to myocardial contractility. Unfortunately, 
because of rapid recovery with desflurane, we could 
not assess a reliable and comparable final measure- 
ment in both groups after the end of inhalation. 

The main value of this study was the clinical con- 
ditions: usual premedication and induction of anaes- 
thesia, maintenance of anaesthesia with halogenated 
agent associated with nitrous oxide in oxygen. All 
patients were ASA I and surgery was superficial and 
limited, and was unlikely to cause any haemody- 
namic changes. Thus our findings were attributed to 
the cardiovascular effects of the anaesthetic agents. 

Nevertheless, several limitations have to be empha- 
sized. First, the echo-Doppler ABF device gives an 
accurate assessment of aortic output but does not 
allow precise measurement of cardiac output. The 
main value of this system is measurement of trends in 
each variable during surgical and/or anaesthetic 
procedures. Even if the difficulties initially reported 
in the measurement of blood flow by ultrasound 
were solved,” thermodilution is a valuable and 
reliable technique (except for low cardiac output),” 
but remains discontinuous and invasive. In contrast, 
the ABF echo-Doppler device gives a continuous 
signal which provides haemodynamic assessment 
and trends in cardiovascular variables. The method 
correlates well with electromagnetic flow in animals””™ 
and with thermodilution in humans,’ and the 
haemodynamic trends are useful in the assessment of 
various surgical procedures,” ” particularly varia- 
tions induced by inhalation anaesthesia in adults” 
and in infants.“ Second, MAP was not measured 
continuously. Transient variations in MAP may not 
have been recorded so that the accuracy of MAP and 
of the calculated SVR, is questionable. Third, a clini- 
cal study cannot distinguish primary myocardial or 
vascular effects of anaesthetic agents. Finally, the dif- 
ference in the duration of anaesthesia could have 
interfered with t, values. Unfortunately, the clinical 
conditions of this study did not allow conclusions to 
be made from this late measurement. 
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In summary, our study has highlighted the value of 
continuous ABF echo-Doppler monitoring in the 
detection cf moderate haemodynamic variations 
induced by halogenated anaesthetic agents in healthy 
patients. During desflurane inhalation, ABF 
increased transiently and then decreased, whereas 
during isoflurane inhalation, ABF first decreased and 
then remained almost stable. In both groups, the 
final decreases in ABF were 20-30% of their initial 
values. The concomitant and late increases in 
PEP/LVET ratio and decreases in PE’,. may also 
indicate slight impairment in tissue perfusion after 
prolonged halogenated inhalation, especially with 
desflurane. Such haemodynamic changes suggest 
caution when using desflurane in patients with 
hypertension or coronary artery disease. 
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Comparison of the effects of sevoflurane and isoflurane on arterial 
oxygenation during one lung ventilation 


J. Y.Y. Wana, G. N. RusseLL, R. D. PAGE, M. JACKSON AND S. H. PENNEFATHER 


Summary 

We have compared the effects of sevoflurane 
and isoflurane on arterial oxygenation, heart 
rate and mean arterial pressure during one lung 
anaesthesia in a prospective, crossover study. 
We studied 28 patients undergoing oesophago- 
gastrectomy, allocated alternately to one of two 
groups. Patients in group I/S (n=14) received 1 
MAC (1.1%) of isoflurane in oxygen from induc- 
tion until the end of 30 min of open chest one 
lung ventilation (OLV) in the lateral position. This 
was followed by 1 MAC (2.1%) of sevoflurane in 
oxygen for the next 30 min of OLV. Patients in 
group S/A (n=14) received the two anaesthetic 
agents in the reverse order. We found no signifi- 
cant difference in arterial oxygenation, heart rate 
or mean arterial pressure between the two 
potent inhalation agents. In the subgroup of 
patients with pulmonary artery catheters (n=12), 
we found a significant increase (P<0.05) in 
derived shunt during sevoflurane anaesthesia. 
There was no significant difference in mixed 
venous saturation and cardiac output. We con- 
clude that during one lung ventilation, the choice 
between sevoflurane and isoflurane did not sig- 
nificantly influence arterial oxygenation. (Br. J. 
Anaesth. 1998; 81: 850-853). 


Keywords: anaesthetics volatile, sevoflurane; anaesthetics 
volatile, isoflurane; oxygen, partial pressure; ventilation, one 
lung; lung, shunting 


One lung ventilation (OLV) is required for several 
thoracic operations. Adequate arterial oxygen is not 
achieved in some patients despite an accurately 
placed endobronchial tube and high inspired oxygen. 
Minor changes in arterial oxygen tension caused by 
changes in anaesthetic technique may be important 
in these patients. The effects of anaesthesia and OLV 
on arterial oxygenation are complex and not fully 
understood. Potent inhalation agents are used widely 
for thoracic anaesthesia; they have several desirable 
properties, including ease of administration, rapid 
onset and offset, and ability to cause bronchodilata- 
tion, One potential drawback is inhibition of hypoxic 
pulmonary vasoconstriction (HPV). 

Isoflurane has been shown previously to be supe- 
rior to both halothane and enflurane with respect to 
arterial oxygenation during one lung anaesthesia.’” 
Sevoflurane has some advantages over isoflurane, Its 
non-pungent odour facilitates smooth and rapid 
gaseous induction’ * and its lower blood-gas partition 
coefficient results in faster recovery from anaesthesia.”” 


Rapid emergence from anaesthesia is important after 
some thoracic procedures, for example lung reduc- 
tion surgery. In vitro, sevoflurane inhibits hypoxic 
pulmonary vasoconstriction in a dose-related man- 
ner similar to isoflurane.” Acceptable arterial oxy- 
genation was achieved during one lung ventilation in 
sheep anaesthetized with sevoflurane. The purpose 
of this study was to compare the effects of sevoflu- 
rane and isoflurane on arterial oxygenation, heart 
rate and mean arterial pressure during one lung 
anaesthesia. In a subgroup of patients, we also com- 
pared mixed venous saturation, derived shunt and 
cardiac output. 


Patients and methods 


This prospective crossover study was approved by 
the Liverpool Research Ethics Committee. Informed 
written consent was obtained from adult patients 
undergoing oesophagogastrectomy. Exclusion cri- 
teria were previous lung resection and contraindica- 
tions to epidural analgesia. Patients were allocated 
alternately to one of two groups. 

Baseline keart rate, arterial pressure and spirome- 
try were recorded on the day before operation. 
Patients were premedicated with diazepam 0.15 mg 
kg’. On arrival in the anaesthetic room, 10 ml kg” of 
i.v. fluid were given over 20 min followed by infusion 
of 10 ml kg” h”. A radial arterial cannula and a mid- 
thoracic epidural catheter were inserted under local 
anaesthesia. No epidural test dose was given. An 
arterial blood-gas sample during air breathing was 
obtained before induction of anaesthesia. After pre- 
oxygenation. general anaesthesia was induced with 
fentanyl 1.5 pg kg’ and propofol 2-3 mg kg”. 
Neuromuscular block was achieved with vecuro- 
nium, followed by intubation with a left double- 
lumen endobronchial tube (Rusch, Kernen, 
Germany). Correct tube position was confirmed with 
a fibreoptic bronchoscope. 

Patients assigned to group I/S received 1 MAC 
(1.1%) of end-tidal isoflurane in oxygen from induc- 
tion until the end of the first 30 min of open chest 
OLV in the lateral position. They then received 1 
MAC (2.1%) of end-tidal sevoflurane in oxygen for 
the next 30 min of OLV. During the changeover, 
fresh gas flow 6 litre min’ was used to facilitate 
washout of the previous anaesthetic agent and 
washin of the new anaesthetic agent. Patients 


JULIAN WANG, MB, CHB, FANZCA, GLENN RUSSELL, MB, CHB, FRCA, 
RICHARD PAGE, MB, CHB, FRCS, MARK JACKSON, BSC, PHD, STEPHEN 
PENNEFATHER, MB, CHB, FRCA, MRCP, Cardiothoracic Centre, 
Thomas Drive, Liverpool L14 3PE. Accepted for publication: July 
5, 1998. 


Effects of sevoflurane and tsoflurane during one lung ventilation 


assigned to group S/I received the two inhalation 
agents in reverse order. 

A pulmonary artery catheter (Baxter, Edwards 
Critical-Care Division, Irvine, CA, USA) was 
inserted in those patients undergoing left thoraco- 
tomy and who had consented to this additional mon- 
itoring. In all patients other monitoring included: 
ECG, pulse oximetry, nasopharyngeal temperature, 
neuromuscular block, ventilation pressures and vol- 
umes (Cato, Drager, Lubeck, Germany), end-tidal 
carbon dioxide concentration and anaesthetic gases 
by infrared spectroscopy (Cato, Drager, Lubeck, 
Germany). After the patient was placed in the semi- 
lateral position (45° tilt from the horizontal), a forced- 
air warming blanket (Bair Hugger, Augustine 
Medical, Inc; Eden Prairie, MN, USA) was placed on 
the lower extremities. Pressure transducers (Omeda, 
Herts, UR) were zeroed at the mid-vertebral line. 

All patients received an epidural bolus dose of fen- 
tanyl 1 pg kg” followed by an infusion of 1 pg kg“ h” 
during the study. Motor block of more than 80% was 
maintained with incremental doses of vecuronium. 
During OLY, tidal volume was set initially at 10 ml 
kg” and reduced if required to maintain peak inspira- 
tory pressure of less than 30 cm HO. The uz ratio 
was set at 1:2 and ventilatory frequency was adjusted 
to maintain arterial carbon dioxide tension at 
4.7-5.9 kPa. Before the onset of OLY, the position of 
the double-lumen endobronchial tube was rechecked 
with the aid of a fibreoptic bronchoscope. Collapse of 
the non-dependent lung was confirmed by direct 
observation. Intraoperative arterial pressure was 
maintained within 20% of baseline measurement 
with i.v. fluid or i.v. fentanyl as required. 

Intraoperative haemodynamic (Tram 600, 
Marquette Electronics, Inc; Milwaukee, WI, 
USA) and blood-gas measurements (1L1640 
BGElectrolytes Analyser and CO-Oximeter, 
Barcelona, Spain) were obtained at the end of 
each 30-min period of OLV by the same observer 
who was not blinded to the anaesthetic used. Cardiac 
output was measured using the thermodilution 
technique. Derived shunt and oxygen consumption 
were calculated using standard formulae. Shunt 
equation:” 

Qs/Ot=(Cc’,, Cay )/(Ce’, CV) 
where Cc’, =pulmonary capillary blood oxygen con- 
tent assuming 100% saturation of capillary blood; 
Ca, =arterial blood oxygen content; and C¥, =mixed 
venous blood oxygen content. 

Power analysis was performed using a mean differ- 
ence in Pao, of greater than 3 kPa as clinically signifi- 
cant and an estimated sp of the differences of 5.4 kPa. 
To detect this mean difference with 80% power at the 
5% level of significance, we needed to recruit 27 
patients. 

Results are given as mean (sp). Statistical analysis 
was performed in accordance with the simple 
crossover design methodology.” 

Treatment effect (isoflurane vs sevoflurane) was 
sought under the expectation that there were no treat- 
ment effects. Thus we compared treatment effect 
using the null hypothesis: (ISO oup y-SevO,.u. vs) 
(SEVO pop si 180 group st) Period (transfer) effect was 
sought under the expectation that there was no 
period effect. Thus period effect was analysed using 
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Table 1 Preoperative data for all patients (mean (sD or range) or 
number). No significant difference between groups 


Group I/S Group S/I 
(n=14) (n=14) 
Sex (M/F) 9/5 9/5 
ASA (I/O) 6/8 5/9 
Age (yr) 64 (50-73) 63 (53-78) 
Weight (kg) 72 (14) 67 (13) 
Height (cm) 170 (7 6) 168 (10 6) 
Preoperative FEV, 
(% of predicted) 95 (16) 80 (24) 
Preoperative FVC 
(% of predicted) 102 (13) 92 (18) 
Preoperative Pac, (kPa) 5.3 (0.4) 5 2 (0.42) 
Preoperative Pa, (KPa) 10.7 (1.2) 10.5 (1.1) 
Heart rate (beat mm™) 76 (15.2) 79 (10 8) 
Mean arterial pressure 
(mm Hg) 100 (8.6) 98 (9.2) 





the null hypothesis: (IsO oup ys SEVO group us) = ASO proup sa 
-SEVO op s)» Where Iso=variables measured at the 
end of 30 min OLV with 1 MAC of isoflurane and 
Sevo=variables measured at the end of 30 min OLV 
with 1 MAC of sevoflurane. 

Student’s ¢ test was used for evaluation of differ- 
ences within and between groups. For all tests, the 
level of significance was set at 5%. 


Results 


We studied 28 patients; 14 patients were allocated 
alternately to each group. Table 1 summarizes the 
preoperative data of group I/S and group S/I. There 
was no significant difference in preoperative data 
between the two groups. 

Six patients in each group had a pulmonary artery 
catheter inserted. Twenty-five of the 28 patients had a 
left thoracotomy. One patient in group I/S and two 
patients in group S/I had a right thoracotomy. One 
patient in each group received additional i.v. fentanyl 
at the start of operation during initial two lung venti- 
lations. No patient required additonal i.v. fluid. 
There was a significant decrease in mean arterial 
pressure during OLV with sevoflurane and isoflurane 
in both groups compared with preoperative values. 
Table 2 summarizes the intraoperative data of group 
VS and group S/A. 

In the comparison between sevoflurane and isoflu- 
rane treatment effect, there was no significant differ- 
ence in arterial oxygenation, heart rate or mean 
arterial pressure. In the subgroup of patients with 
pulmonary artery catheters, there was a significant 
increase in derived shunt during sevoflurane anaes- 
thesia compared with isoflurane. There was no signif- 
icant difference in mixed venous saturation or 
cardiac output. No significant period effect was 
demonstrated for arterial oxygenation, heart rate or 
mean arterial pressure. In patients with pulmonary 
artery catheters, a significant period effect was found 
only in mixed venous saturation (table 3). 


Discussion 


Patients undergoing oesophagogastrectomy were 
studied because this operation allowed at least 1 h of 
OLV with minimal trauma to the non-dependent 
lung. We chose 30 min as the duration before the 
changeover of anaesthetic agent. This was based on 
previous human studies which showed that Pa), 
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Table2 Intraoperative data at the end of each 30 min of OLV with 1 MAC of each anaesthetic agent (mean (sp)). HR=Heart rate, 
MAP=mean arterial pressure, MPAP=mean pulmonary artery pressure, CO=cardiac ouput, SVR=systemic vascular resistance, 
Sv,,=muxed venous oxygen saturation, Qs/Qt=pulmonary shunt flow. *P<0.05 compared with preoperative values 


Group I/S (n=14) 


Isoflurane 
HR (beat min”) 84 (8.4) 
MAP (mm Hg) 75 (7.3)* 
Pa, (kPa) 21.2 (11.8) 

Group V/S (n=6) 

Isoflurane 
MPAP (mm Hg) 19.7 (3.1) 
CO (litre min”) 6.8 (2) 
SVR (dyn s cm’) 791 (282) 
SVa, (%) 80 (4.2) 
Os/Or (%) 43 (4) 
O, consumption (ml min™) 190 (34) 


Sevoflurane 
81 (9.4) 


75 (6.1)* 
23.4 (17) 


Sevoflurane 


20.3 (3.2) 


187 (49) 


Group S/I (n=14) 


Sevoflurane Isoflurane 
86 (10.6) 85 (10.9) 
76 (5.8)* 79 (8.2)* 
26 1 (14.6) 30.1 (18.2) 
Group S/I (n=6) 

Sevoflurane Isoflurane 
22.5 (4.5) 21.7 (4.3) 
5.9 (1.5) 5.8 (1.5) 
906 (274) 1051(356) 
78 (8.5) 75 (8) 

39 (12) 35 (8) 

181 (30) 209 (24) 


Table 3 Comparison of treatment effect (isofturane vs sevoflurane) and analysis of period effect (mean (sp)). HR=Heart rate, MAP=mean 


arterial pressure, MPAP=mean pulmonary artery pressure, CO=cardiac output, SVR=systemic vascular resistance, SV, 


=mixed venous O, 


saturation, Os/Ot=pulmonary shunt flow, Iso=variables measured at the end of 30 min OLV with 1 MAC of isoflurane, Sevo=variables 
measured at the end of 30 min OLY with 1 MAC of sevoflurane. *P<0.05 for treatment effect: (180 pep a SEVO pop 1g) US (SEVO. 577180, en) 


+P<0.05 for period effect: (180, jyrg SEVO pup ug) US (IBO pomp si SEYO prays) 


Group FS (n=14) 





Iso—Sevo 
HR (beat min”) 3.07 (5.99) 
MAP (mm Hg) ~0.14 (6.42) 
Pay, (kPa) -2.17 (9.97) 

Group FS (n=6) 

Iso—Sevo 
MPAP (mm Hg) -0.67 (2.94) 
CO Qe min”) 0.43 (1.3) 
SVR (dyn s cm”) -59 (142) 
Sv, (%) 2 37 (2.6) 
OOt (%) -1 (1.8) 
O, consumption (ml min”) 3.23 (33.4) 





stabilized as early as 20 min after initiation of OLV.’” 
“The initial washout of inhalation agent was rapid, 
but low concentrations persisted for several hours 
which can potentially exert a biological effect. This 
raises the question of period effect in this study, 
which used a crossover design. This important issue 
was not dealt with in previous crossover studies 
investigating oxygenation during OLV.’“ In this 
study we demonstrated no significant period effect in 
the outcome variables of arterial oxygenation, heart 
rate or mean arterial pressure. We found a significant 
period effect in the subgroup of patients with pul- 
monary artery catheters for mixed venous saturation. 
A longer duration between the changeover of anaes- 
thetic agents and sampling might have avoided a 
period effect. We had to balance this against the time 
constraint of a clinical study. 

A left double-lumen endobronchial tube was used 
for all patients to minimize the risk of tube displace- 
ment. We do not routinely insert pulmonary artery 
catheters in patients undergoing oesophagogastrec- 
tomy. To gain approval from the Ethics Committee, 
we agreed not to measure pulmonary artery occlu- 
sion pressure and to minimize the number of patients 
with a pulmonary artery catheter. We did not know in 
advance how many of the 27 patients required for 
this study would consent to insertion of a pulmonary 
artery catheter. We alternately allocated our patients 
in order to ensure an equal distribution of patients 





Group SA (n=14) Group SA (n=14) 
Sevo—Iso Iso—Sevo 

1.36 (5.44) ~1.36 (5.44) 
~2.79 (8.47) 2.79 (8.47) 
-4.01 £11.24) 4.01 (11.24) 
Group S/I (n=6) Group S/I (n=6) 
Sevo—Iso Iso—Sevo 

0.83 (1.83) ~0.83 (1.83) 
0.15 (0.39) -0.15 (0.39) 
-145 (175) 145 (175) 

3.15 (4.5) -3.15 (4.5)+ 

4.1 (4.7)* 4.1 (4.7) 

-27.6 (14.6) 27.6 (14.6) 


with a pulmonary catheter between the two groups. 
This method is unlikely to bias the outcome in this 
study as the same surgeon (R. D. P.) performed all 
surgery and the same anaesthetist J. Y.Y. W.) gave all 
anaesthetics. Further, only one oesophagogastrec- 
tomy was performed at each operating session and 
there was no regular pattern to the scheduling of 
cases. Finally, we found no significant difference in 
preoperative data between the two groups. 

During OLY, adequate oxygenation can be a con- 
cern, especially in the supine position and in patients 
with poor pre-existing lung function. Therefore, it is 
important for anaesthetists to be aware of all the vari- 
ables which can influence oxygenation. Arterial oxy- 
genation (. is determined by pulmonary capillary 
oxygenation (Pc,), mixed venous oxygenation (P¥,_) 
and shunt. Pc, depends on Pa,, and therefore inspired 
oxygen and ventilation. PV, depends on tissue oxygen 
delivery, and therefore cardiac output (Qt), and oxygen 
consumption. Shunt blood flow through the atelectatic 
lung during OLV depends principally on HPV, rather 
than the mechanical effects of lung collapse.” HPV is a 
function of both Pa, and Pine General anaesthetic 
agents can affect by two possible mechanisms. 
First, they can alter PV, by altering Qt; second, they 
can alter shunt flow directly by inhibition of HPV and 
indirectly by altering HPV through a change in P¥,. 

In vitro, i.v. anaesthetic agents do not directly 
inhibit hypoxic pulmonary vasoconstriction while 
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potent inhalation agents, such as halothane, enflu- 
rane, isoflurane and sevoflurane, directly inhibit HPV 
in a dose-related manner to a similar degree. '”* In 
vivo, this direct inhibitory effect on shunt and Pay, is 
more difficult to demonstrate as haemodynamic 
effects of the general anaesthetic agents can also 
influence these variables. In human studies, compar- 
ing i.v. anaesthetic agents with inhalation anaesthetic 
agents during OLV, 1 MAC of halothane caused a 
slight but significant increase in shunt and a decrease 
in up to 2 MAC of enflurane caused no signifi- 
cant change in shunt or Pa, and 1 MAC of isoflurane 
caused no significant change in shunt or Pao Ina 
study comparing isoflurane with enflurane during 
OLV, Pa, and P¥,, were found to be significantly 
higher during isoflurane anaesthesia; there was no sig- 
nificant difference in shunt or oxygen consumption, 
and the authors postulated that the difference in oxy- 
genation may be explained by better preservation of 
Qt that occurred during isoflurane anaesthesia.’ Total 
i.v. anaesthesia with propofol infusion is a widely 
accepted technique. Propofol infusions in the range of 
6-12 mg kg” h` do not inhibit HPV.” When isoflurane 
was compared with propofol-alfentanil, there was no 
significant difference in Pa,“ A separate study com- 
paring isoflurane and propofol anaesthesia showed a 
significant increase in shunt and cardiac output during 
isoflurane anaesthesia.” The increase in Qt during 
isoflurane anaesthesia could explain why there was no 
difference in Pa,, despite the increase in shunt. 

Inhalation anaesthesia is generally favoured over 
i.v. anaesthesia for surgery requiring OLV because it 
has several advantages. These include ease of drug 
delivery, offset independent of hepatic or renal func- 
tion, end-tidal concentration monitoring, broncho- 
dilatation and the option of gaseous induction. 
Sevoflurane is a relatively new anaesthetic agent with 
some advantages over isoflurane. A non-pungent 
odour allows rapid and smooth inhalation induction 
without the arrhythmogenic potential of halothane.** 
A lower blood-gas partition coefficient allows more 
rapid onset, easier titration and most importantly 
faster recovery from anaesthesia.” Earlier recovery 
of spontaneous respiration and cough reflexes can 
potentially benefit the thoracic patient. In our study, 
there was no difference in Pao, heart rate or mean 
arterial pressure between sevoflurane and isoflurane. 
In patients with pulmonary artery catheters, there 
was a significant increase in derived shunt during 
sevoflurane anaesthesia. There was no significant dif- 
ference in PẸ, or cardiac output. These results are 
not unexpected as the two drugs inhibit HPV in a 
similar dose-response manner fn vitro and have a 
similar cardiovascular profile with the possible 
exception of a lower heart rate with sevoflurane.’””” 
The combined dose of i.v. and epidural fentanyl 
given in this study could have masked any difference 
in heart rate between isoflurane and sevoflurane.” 

Combining data from the two groups gave an aver- 
age shunt of 39% for isoflurane. This is consistent 
with three previous studies in which the inspired oxy- 
gen was 100%. Shunt during OLV in these studies 
were 38%, 39% and 41%.'*" 

In summary, there was no significant difference in 
arterial oxygenation in patients anaesthetized with 
sevoflurane or isoflurane in the semi-lateral position 
during OLV. As sevoflurane offers some advantages 
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over currently used potent inhalation agents, its suit- 
ability for thoracic anaesthesia warrants further eval- 
uation. 
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Summary 

We have investigated the pharmacokinetics and 
pharmacodynamics of propofol in 11 patients 
with end-stage renal disease (ESRD) compared 
with nine healthy patients during and after a 
manually controlled three-stage infusion of 
propofol 21, 12 and 6 mg kg‘h" lasting a mini- 
mum of 2 h. Mean total body clearance was not 
reduced significantly in the ESRD group (30.66 
(sp 8.47) ml kg” min”) compared with the control 
group (33.75 (7.8) ml kg’ min"). ESRD patients 
exhibited a greater, but not statistically signifi- 
cant, volume of distribution at steady state com- 
pared with patients in the control group (11.25 
(8.86) vs 5.79 (2.14) litre kg’, respectively). 
Elimination half-life values were unchanged by 
renal failure. Mean times to induction of anaes- 
thesia were similar in both groups: 177 (sp 57) 
and 167 (58) s for the ESRD and control groups, 
respectively. Waking time after cessation of 
propofol infusion was significantly shorter in the 
ESRD group (474 (156) s) compared with the 
control group (714 (240) s) (P<0.05). Mean 
plasma concentrations on waking were similar. 
We conclude that the pharmacokinetic and phar- 
macodynamic profiles of propofol after infusion 
were not markedly affected by renal failure. (Br. 
J. Anaesth. 1998; 81: 854-860). 


Keywords: anaesthetics i.v., propofol; anaesthetic tech- 
niques, i.v. infusion; kidney, failure; pharmacokinetics, 
propofol 





Selection of a safe and effective drug regimen for 
patients with renal impairment can be difficult. Data 
obtained from studies in subjects with normal renal 
function cannot with confidence be used to design a 
drug administration regimen for patients with end- 
stage renal disease (ESRD). Renal failure may influ- 
ence hepatic drug metabolism either by inducing or 
inhibiting hepatic enzymes and also by altering pro- 
tein binding or protein denaturation.'” Drug disposi- 
tion may be affected by changes in body fluid 
distribution and circulatory volume in these dialysed 
patients. This can induce changes in hepatic blood 
flow which in turn can alter production and elimina- 
tion of metabolites.’ 

Propofol is used widely as an i.v. anaesthetic agent 
for both induction and maintenance of general 
anaesthesia, In healthy patients, propofol has a rela- 
tively large volume of distribution and a high total 


body clearance.” The drug is extensively biotrans- 
formed in the liver and its metabolites appear to have 
no pharmacological activity.‘ Since the first report of 
Morcos and Payne on the disposition of a bolus dose 
of propofol in four patients with chronic renal 
failure, Kirvelä and colleagues have concluded that 
propofol may be used safely for induction of general 
anaesthesia in patients with renal impairment." 
Limited information has been obtained on the use of 
a continuous infusion of propofol in patients with 
renal impairment for maintenance of general anaes- 
thesia.” 

We have mvestigated the safety of propofol infu- 
sion for induction and maintenance of anaesthesia in 
uraemic patients. and whether or not its pharmaco- 
kinetics and pharmacodynamics were similar in a 
group of healthy patients anaesthetized in a similar 
way. 


Patients and methods 


The study was approved by the Institutional Ethics 
Committee of the University Hospital and all 
patients gave informed consent. We enrolled 11 
patients, ASA III or IV, with creatinine clearance 
rates of less than 10 ml min’, presenting for arteriove- 
nous fistulae surgery (ESRD group) and 10 patients, 
ASA I, with normal renal function (group C) under- 
going surgery of an expected duration of at least 120 
min. These patients did not suffer from cardiac or 
hepatic dysfunction or obesity (body weight not 
exceeding 20% of ideal). Patients’ characteristics and 
laboratory data are summarized in table 1. 
Concurrent therapy was received only by patients in 
the ESRD group (table 2). No patient was receiving 
cytochrome P450 inducers or inhibitors. 

All patients were premedicated with diazepam 
10 mg orally, 1 h before anaesthesia, except for one 
patient in the ESRD group who received bro- 
mazepam. Electrocardiogram, arterial pressure (by 
sphygmomanometry measured on a lower limb in the 
ESRD group) and oxygen saturation (by pulse 
oximetry) were monitored continuously. Before 
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Table 1 Patient characteristics and preoperative laboratory values 
(mean (sp)). NR=Normal range 





Control ESRD P 

Age (yr) 45.2 45.1 ns 
Height(cm) 171.600  164(5.7) ns 
Weight (kg) 72.6 (10) 62.3 (7.9) 0.01 
Sex (M/F) 4/5 5/6 ns 
Haemoglobin (g litre) 

CNR 13-17.7) 14.2 (1.6) 9.9 (2) <0.01 
Creatinine (mg dI") 

CNR 0.2-1.2) 0.86 (0.12) 17.6 (25.8) <0.01 
Albumin (g dr^) 

NR 3.5-5) 4.38 (0.61) 3.71 (0.53) <0.05 
AST (iu litre”) 

(NR 5-35) 16 (4) 14(7) ns 
ALT (iu litre’) 

(NR 5-35) 16 (5) 15 (10) ns 
Creatinine clearance 

(ml min”) (NR 70-120) 102.8 (20) 7.3 (3.3) <0.01 


Table2 Antihypertensive medication received by patients in the 
ESRD group 


Patrent No. Medication 


Metoprolol 


Atenolol 


Amiodarone 
Nifedipine, Metoprolol 
Nifedipme, Metoprolol 
Metoprolol 
Metoprolol 
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induction of anaesthesia, a venous catheter was 
inserted in the contralateral arm to that undergoing 
surgery, for infusion of 5% dextrose at a rate of 3 ml 
kg“ h” and for drug administration until the end of 
anaesthesia. A catheter was also inserted into the 
radial artery of the same arm for blood sampling and 
continuous monitoring of arterial pressure. The 
lungs were preoxygenated with 100% oxygen and 
after administration of fentanyl 0.1 mg i.v., anaesthe- 
sia was induced and maintained using a three-step 
infusion regimen of propofol, delivered by a cali- 
brated syringe pump (Ohmeda): 21 mg kg’ h` for 
5 min, followed by 12 mg kg’ h” for 10 min and 
6 mg kg” h” until the end of the procedure. The final 
rate was not altered throughout the study and no 
supplementary doses were given. A bolus dose of 
vecuronium 0.1 mg kg” was given at loss of con- 
sciousness to facilitate tracheal intubation. Ventilation 
was maintained with 60% nitrous oxide in oxygen 
and end-tidal carbon dioxide concentration was kept 
constant at 44.5 kPa by adjusting ventilation. Bolus 
doses of fentanyl 0.05 mg were administered when 
heart rate or mean arterial pressure increased to 
more than 30% of preoperative values. If arterial 
pressure decreased by more than 20% of mean pres- 
sure, ephedrine 5 mg i.v. was administered. Dextran 
70 000, 6% up to a maximum of 200 ml, was given to 
ESRD patients at the surgeon’s request. The propo- 
fol infusion was maintained for at least 120 min 
according to the length of the procedure, and dura- 
tion of infusion was noted. At the end of the surgical 
procedure, neuromuscular block was antagonized 
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when four twitches of the train-of-four response were 
present at the adductor pollicis muscle. Nitrous 
oxide was stopped simultaneously with the propofol 
infusion. 


CLINICAL ASSESSMENT 


Time to induction of anaesthesia was defined as the 
time from the beginning of infusion of propofol to 
the absence of response on verbal stimulation. 
Recovery was assessed by measurement of the time 
from the end of infusion to when patients opened 
their eyes and answered standard questions correctly. 
The total amount of fentanyl was noted as was the 
time since the last dose to cessation of the infusion 
and amount of ephedrine and additional fluids given. 


PHARMACOKINETICS 


Arterial blood samples (2 ml) for measurement of 
propofol concentrations in whole blood were 
obtained before induction of anaesthesia and at 1, 2, 
3, 4, 5, 6, 7, 9, 11, 13, 15, 17, 19, 21, 25, 30, 40, 50, 
60, 75, 105 and 120 min after initiation of infusion. 
For infusions continuing beyond 120 min, additional 
samples were collected every 15 min. After cessation 
of infusion, further samples were collected at 2, 4, 6, 
8, 10, 20, 40, 60, 90, 120, 240, 300, 360, 420, 480 
and 720 min. Additional samples were obtained 
when patients lost consciousness and when they 
opened their eyes to verbal command. Samples were 
cooled immediately and stored at +4°C, and assays 
were carried out within 12 weeks. Whole blood 
concentrations of propofol were measured by high 
pressure liquid chromatography (HPLC) with fluo- 
rescence detection.” The assay had an inter-batch 
coefficient of variation of 3-12% with a limit of 
detection of 0.002 ug ml”. As a quality control, 20% 
of all sample assays were replicated in a separate 
batch; differences between assay results were less 
than 10%. Bi- and triexponential functions of the 
following form, derived from Colburn,” were fitted to 
the data using the least squares curve fitting program 
MEMODEL (Holford N. MKMODEL Version 3.36 
User Manual, Biosoft, Cambridge, UK, 1988): 


20r3 ž 
C, =3,5* y G*0-e™®*n) ke- *(-5) 
z=] 


42.0* ¥ C, *(1—e7%*T3 xem *(r-15) 


r=] 


2or3 
+1.0* ÈG, *(]—e7™"T) xe- *(r-T) 
i= 


where C=propofol concentration at any time t after 
the start of the first infusion; Y, y, and y,=model 
fitted hybrid rate constants for three exponential 
phases; these are referred to as a, B and y, respec- 
tively, in the tabulation and reporting of results. 
T=T,+T,+T,; T,, T, and T,=times from the start of 
each infusion to the maximum times for that infu- 
sion; t=total time from the start of the first infusion. 
When (2-5), (t-15) or (-T) is not greater than 0, then 
that function is set to zero. C, C, and C,=model-fitted 
coefficients defining the contribution to the steady 
state concentration of each exponential phase; 3.5, 
2.0 and 1.0=ratios of the three infusion rates to the 
terminal infusion rate (6 mg kg’ h`’). In all non-linear 
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least squares analysis it is necessary to weight the 
dependent variable (concentration) data in such a 
way that the weighted errors for this variable are con- 
stant over the full range of the independent variable; 
these errors include contributions from both the assay 
and inter-subject variability. Balant and Garrett jus- 
tify this by showing that the use of equal weights can 
virtually ignore terminal phase data, if the data range 
over two or more logarithmic cycles.” In our study a 
weighting of 1/C’ was used for all data sets. This was 
confirmed as optimal in a subset of patients; residuals 
for observed data points from the line of best fit indi- 
cated a better fit when using a weighting factor of 1/C’ 
compared with 1/C. 

The following parameters were derived from the 
fitted model: sh 

Steady state propofol concentration (C= È G, 
t=] 


Total body clearance Ci(m)=terminal infusion rate/C* 


Volume of central \_ Zona 
Beea Vv, | =total dose/ 2 Gi r 


where C, corr.=fitted coefficients corrected for the 
infusion duration using the method described by Loo 
and Riegelman.” 


( Apparent volume of 
distribution at equilibrium (V 


Model-independent parameter estimates were cal- 
culated to validate the parameters derived from the 
fitted model and were as follows: 


Total body clearance Ci(mi)=total dose/AUC, 


where AUC_=area under the propofol concentration 
curve extrapolated to infinity, calculated using the 
trapezoidal approximation: 


=Clhn/y 











‘Apparent volume of 
distribution at i AUMC , xtotal dose 
steady state (V™) ( AUC -) 2 
_total dose x infusion duration 
2x(AUC,,) 


where AUMC_=area under the first moment of the 
propofol concentration curve extrapolated to infinity, 
calculated using the trapezoidal approximation. 


Mean residence time MRT= AUMC_/AUC, 


STATISTICAL ANALYSIS 


The number of patients required to detect a pre- 
defined difference in a pharmacokinetic parameter 
between groups was estimated from data in a previ- 
ous study.’ Total body clearance was considered to be 
the most important variable on which to base calcu- 
lations. We considered it clinically important to 
detect a 30% reduction in contro] mean. With 10 
patients per group and a significance level of 5%, the 
power of the study was estimated as 75% using a 
standard statistical method.“ All data are expressed 
as mean (sD). The data were analysed by the 
Wilcoxon rank sum test for between-group compar- 
isons of pharmacokinetic data and measured data. 
P values were calculated using PC-SAS version 6.04 
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computer program (SAS Institute Inc., Cary, NC, 
USA, 1990). P<0.05 was considered significant. 
Inter-subject variability difference between groups 
was tested for the pharmacokinetic data using the F 
test of Snedecor (SAS/STAT User’s Guide, Release 
6.03 Edition. Cary, NC: SAS Institute Inc., 1988). 
Mean arterial pressure and heart rate from induction 
to 60 min after infusion of propofol between the two 
groups were compared by analysis of variance 
(ANOVA) for repeated measurements using the 
multivariate approach with the pre-induction value 
in the contrést statement. 


Results 


For the control group, surgery consisted of lumbar her- 
nia (four patients), varicose vein surgery (two patients), 
mastectomy (one patient), rhinoplasty (two patients) 
and laparoscopy (one patient). Anaesthesia was 
uneventful in all patients except for one in the control 
group. In this patient, anaesthesia was continuously too 
light as a result of technical problems with the infusion 
pump and all data from this patient were excluded 
from analysis. Mean body weight in the ESRD group 
was significantly smaller than that in the control group 
but there was no significant difference between groups 
for age or height (table 1). Patients in the ESRD group 
had been haemodialysed within the previous 24h. 

Discomfort at the injection site was reported by 
one patient in each group. Mean duration of infusion 
was 176 (sc 60) min (range 120-315 min) for the 
ESRD group and 152 (48) min (120-250 min) for 
the control group (ns). Patients lost consciousness 
within 177 (67) s and 167 (58) s after the beginning 
of infusion in the ESRD and control groups, respec- 
tively (ns). The corresponding mean propofol con- 
centration in the ESRD group (4.41 (1.93) pg mI’) 
was higher than that in the control group (3.71 
(1.14) ug ml”). This difference was not statistically 
significant. Patients with impaired renal function 
opened their eyes significantly earlier than control 
patients (474 (156) s compared with 714 (240) s, 
respectively) (P<0.05). Blood propofol concentra- 
tions on awakening were not significantly different 
(0.89 (0.43) and 0.78 (0.33) ug ml” in the ESRD 
and control groups, respectively). 

Mean time at which patients were able to answer 
questions ccrrectly was significantly shorter in the 
ESRD group (978 (258) s) than in the control group 
(1266 (198) s) (P<0.05). The total amount of fentanyl 
administered was larger in the control group (0.317 
(0.178) mg) than in the ESRD group (0.215 (0.085) 
mg). However, this difference was not significant. 
Time from the last fentanyl dose before termination of 
the propofol infusion (59 (26) vs 64 (21) min in the 
control and ESRD groups, respectively) was not sig- 
nificantly different between groups. No major haemo- 
dynamic instability was detected in either group. 

A mean volume of 223 (69) ml of Dextran 70 000, 
6% was infused in nine patients in the ESRD group. 
‘Two patients in both groups received ephedrine (up 
to a total of 20 mg for each patient in the ESRD 
group). In the control group, one patient received 
ephedrine 5 mg and one 10 mg. Heart rate did not 
differ between groups except at 10 and 60 min after 
induction of anaesthesia. There was no difference 
between groups in mean arterial pressure. 
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Figure 1 Mean (sp) blood concentrations of propofol (logarithmic scale) during infusion of propofol in the end-stage renal failure (ESRD) 
and control groups In the right corner of the graph (inset), the first 15 min after the beginning of the infusion are magnified 


PHARMACOKINETICS 


Changes in mean blood concentration of propofol 
with time, during and after infusion, followed a similar 
pattern in both groups (figs 1, 2). After an initial peak 
concentration of 5 pg ml“ at 5 min after the start of 
infusion, the profile reflected the changes ın infusion 
rate; changes in mean concentration from 12 min 
onwards were small (fig. 1). After termination of the 
infusion, propofol concentrations declined curvi- 
linearly with time (fig. 2). Two- and three-compart- 
ment models were fitted to the full propofol 
concentration profile for each patient. These were 
compared by reference to the Schwarz criterion and 
by inspection of the residuals of the observed data 
from the line of best fit.” For three patients in each 
group, the preferred model was two compartment as 
three phases could not be defined with confidence. 

Individual values for the pharmacokinetic parame- 
ters are shown in table 3 for both model-dependent 
and model-independent analyses. To eliminate bias 
cause by the patient’s weight, the appropriate phar- 
macokinetic data were analysed with adjustment for 
body weight. Estimates of propofol clearance were 
similar for both analyses. There was no significant 
difference between ESRD and control patients for 
any of the pharmacokinetic parameters. The F test of 
Snedecor showed no inter-subject variability differ- 
ence between the groups tested for clearance but 
there was a significant difference in variability for the 
volumes of distribution (table 3). 


Discussion 


Clearance of propofol is predominantly metabolic as 
little or no unchanged propofol is detected in 
excreta"; this emphasizes the importance of the liver 
in the clearance of propofol.’ ” In patients with 
renal failure, hepatic drug metabolism may be 
increased, decreased or remain unchanged.’* Our 


study has confirmed that uraemia requiring 
haemodialysis does not affect significantly the phar- 
macokinetics of propofol. Mean clearance in the 
renal failure patients (30.6 ml min” kg”) was similar 
to that of healthy control patients (33.8 ml min” kg"), 
whether derived by model or model-independent 
analysis. Moreover, mean clearance in the ESRD 
group was similar to that reported in other healthy 
patient groups receiving propofol as an infusion 
(23.8-28.3 ml min” kg’). *” This indicates that the 
infusion dose requirements of propofol in ESRD 
patients are similar to those in patients with normal 
renal function. Extrahepatic mechanisms for clear- 
ance of propofol have been thought to explain values 
in excess of the total blood supply to the liver.’ *°” 
The fact that there was no significant reduction in 
total body clearance in the ESRD group in this study 
suggests that clearance by the kidney, if present in 
humans, is not contributing significantly to the clear- 
ance of propofol. It is interesting to note that the 
sheep kidney has been observed to convert a metabo- 
lite of propofol (probably propofol glucuronide) into 
propofol”; data from our study suggest that this is 
unlikely to occur in humans. The medications 
received by the ESRD group did not appear to influ- 
ence the pharmacokinetics of propofol. 

The volume of the central compartment, V,, was 
similar in the two groups (0.13 (0.067) vs 0.12 
(0.039) litre kg“ for the ESRD and control groups, 
respectively) but was at the lower end of the range 
reported previously (0.12—0.42 litre kg"').’"? This 
probably resulted from a combination of the high fre- 
quency of sampling during the early period of the 
infusion” and the use of arterial blood. Arterial blood 
sampling was chosen in this study because it is con- 
sidered to be the most appropriate when performing 
pharmacokinetic modelling and pharmacodynamic 
assessments.” ” 

Plasma expansion fluids were given in the ESRD 
group but not in the control group. However, the 
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Figure 2 Mean (sp) blood concentrations of propofol (logarithmic scale) after infusion of propofol in the end-stage renal failure (ESRD) 
and control groups. In the right corner of the graph (inset), the first 20 mun after infusion cessation are magnified. 


amounts given were small in these chronically 
haemodialysed patients with restricted fluid intake 
and it is considered that the difference would be 
unlikely to affect the volume of distribution substan- 
tially, as intravascular volume is only a small part of 
the volume of distribution of propofol. 


The mean value for Vin our control patients 
(5.8 litre kg’) was somewhat higher than that 
reported in other studies of propofol infusions with a 
similar sampling duration (1.8-3.6 litre kg”). ® 7 
The mean value for V™ in the ESRD group (11.3 litre 
kg’) was higher than that in the control group 


Table 3 Individual pharmacokinenc data from the model and from model- independent analysia. T,,,°, T , T,, minimal, termediate and 
terminal half-lives, respectively; C“=propofol concentration at steady state; V, kg =volume of distribution of the central compartment per kg 


body weight; V” kg‘=volume of distribution at equilibrium per kg body weight; CIm) kg” and Ci(mi) kg ‘=total body clearance per kg body 
weight denved, respectively, from model-dependent and model-independent analysis; V” kg “=volume of distribution at steady state per kg 


body weight MRT=mean residence ume. P values for the Wilcoxon rank sum test for between-group comparison and for the F test of Snedecor 





c= V, kg Vi kg" 
Patient No. T,,*(min) Tf (min) Tp (mmn) (gol) (itrekg") litre kg) 
Control 
1 1.69 279 554 3.92 0.10 20.4 
2 1.10 23.7 408 2.48 0.09 23.7 
3 0.83 37.3 282 3.04 010 13.4 
4 1.16 — 243 2.11 0.17 16.6 
5 0.90 m 212 2.84 0.07 10.8 
6 1.12 25.8 447 2.93 0.13 22.1 
7 1.59 17.4 541 4.43 012 17.6 
8 1.71 34.3 420 3.65 0.10 16.6 
9 2.41 — 491 2.61 0.20 27.2 
Median 1.16 26.9 2.93 0.10 17.6 
Mean 1.39 27.7 3.11 0.12 18.7 
SD 0.50 7.2 0.74 0.04 5.1 
ESRD 
1 1.36 37.3 525 4.31 0.10 17.6 
2 0.97 176 396 5.53 0.06 10.3 
3 2.48 17.5 283 3.62 0.26 11.3 
4 0,68 19.5 554 3.44 0.05 23.2 
5 148 25.5 513 4.06 0.09 18.2 
6 1.01 24.9 839 2.35 0.16 51.6 
7 0.81 — 398 2.35 0.10 24.5 
8 2.32 — 499 3.42 0.17 21.0 
9 1.18 27.9 550 2.36 0.16 33.6 
10 0.65 20.4 491 3.94 0 08 18.0 
il 1.65 — 813 3.06 0.22 38.4 
Median 118 227 3.44 0.10 21.0 
Mean 1.32 23.8 3.49 0.13 24.3 
sD 0.61 6.7 0.97 0.07 12.4 
P ns ns ns ns ns 
F test ns ns ns ns 0.02 


CIm) kg“ 
(ml kg” min’) 


Cim) kg" Vig? = MRT 
(ml kg* min”) (litre kg") (min) 


25.4 5.43 317 
38.5 4.11 167 
31.8 4.52 209 
50.1 10.61 272 
32.5 4.26 191 
32.0 4.82 275 
23.8 8.04 397 
26.2 5 24 260 
41.4 5.15 212 
32.0 5.15 260 
33.5 5.79 256 

8.5 214 71 
20.9 4.71 382 
17.7 2.61 208 
258 3,53 201 
28.0 4.59 266 
23.4 4.06 259 
41.6 22.86 657 
440 15,39 441 
30.6 11.77 448 
60.5 17.42 378 
24.0 8.00 393 
35.5 28.91 828 
28.0 8.00 382 
32.0 11.25 406 
12.6 8.86 192 
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(5.8 litre kg’). This difference was not statistically sig- 
nificant, possibly as a consequence of the significantly 
larger inter-subject variability in the ESRD group 
(F test of Snedecor). V", V” and the terminal half-life 
values for propofol in our study were smaller than 
those observed previously in patients with chronic 
renal failure.” This may be because of the longer 
sampling period after administration of propofol 
(24 h)” or the sampling site used.” Chiou has pointed 
out that profiles of concentration in blood or plasma 
from different sampling sites can lead to calculation of 
widely differing pharmacokinetic parameters and that 
venous concentration data may grossly misrepresent 
the true distributive and terminal phases of a drug in 
the body.” The total sampling duration was clearly 
inadequate to define T,," with confidence in all sub- 
jects; it has been suggested that estimated values of 
this half-life tend to increase with sampling duration” 
and this is consistent with the very long T,» value 
reported by Albanese and colleagues (1878 min) 
when sampling for 72 h after infusion.” However, no 
trend in T, values was observed over a range of infu- 
sion sampling time (677-3090 min) by Bailie and 
colleagues.” In view of the difficulties of defining T,,.” 
with confidence and the difference between subjects 
in both groups in the number of exponential phases 
required to define the elimination Kinetics, MRT val- 
ues have also been compared between groups. There 
was no significant difference between groups for this 
parameter. 

The propofol concentration associated with loss of 
consciousness was comparable with values reported 
in unpremedicated patients (2.09-4.4 pg m’ 
and was therefore unexpectedly high in our group of 
premedicated patients. Recovery times in the ESRD 
patients were significantly shorter than those in the 
control patients. The amount of fentanyl given dur- 
ing the infusion was larger in the control group. This 
could have contributed to the difference in recovery 
times between groups. But this is unlikely as propofol 
concentrations at eyes open were similar in both 
groups and were in good agreement with published 
data (approximately 1 pg ml’).”* Vuyk and col- 
leagues demonstrated that return of consciousness is 
caused mainly by a reduction in the effect site propo- 
fol concentration and less by fentanyl decay.” 
Interestingly, Nathan and colleagues also noted a 
trend to a shorter emergence time in their uraemic 
group compared with control patients.” 

‘There was no major haemodynamic instability jus- 
tifying interruption of the infusion. This may have 
been because of the slow infusion rate used for 
induction. Peacock and colleagues demonstrated 
that in elderly patients, the slower the infusion rate 
the smaller were the decreases in arterial pressure.™ 
Our infusion rate corresponded to a dose of 1.75 mg 
kg’ over a 5-min period for induction of anaesthesia, 
which is lower than the standard induction dose used 
in clinical practice. Nevertheless, during anaesthesia, 
treatment with ephedrine to restore haemodynamic 
stability was more frequent in the ESRD group (total 
amount given 4 (8.4) mg) than in the control group 
(1.7 (3.5) mg) (ns). We believe that this was related to 
the volume status of these haemodialysed patients. 

In summary, the pharmacokinetics of propofol 
infusion were similar in ESRD and control subjects. 
In particular, propofol clearance, which determines 
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the steady state concentration during infusion, was 
unchanged in subjects with end-stage renal failure. 
This suggest that the kidney is not involved substan- 
tially in the extrahepatic metabolism of propofol. The 
manually controlled three-stage infusion to supple- 
ment nitrous oxide resulted in a satisfactory state of 
surgical anaesthesia in almost all patients, whether or 
not renal function was impaired. In both ESRD 
patients and patients with normal renal function, it is 
important that careful dose titration is used when 
admunistrating propofol by infusion. 
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Changes in core temperature compartment size on induction of general 


anaesthesia 


C. D. Deakin 


Summary 

A two-compartment model of temperature dis- 
tribution estimates the core compartment to 
occupy 66% of body mass at rest, while the 
peripheral compartment comprises the remain- 
der. General anaesthesia impairs thermoregula- 
tion by central and peripheral actions. Peripheral 
vasodilatation accelerates heat transfer from the 
core to peripheral compartment causing the core 
compartment to cool and expand in size. Core 
hypothermia may be a significant cause of post- 
operative morbidity. This undocumented change 
in the size of the core compartment on induction 
of anaesthesia can be calculated. Core size 
increased from the established value of 66% 
before induction of general anaesthesia to 71.2 
(sp 6)% of body mass, 20 min after induction of 
anaesthesia (P=0.0001). On induction of general 
anaesthesia, the core compartment cools and 
expands while the peripheral compartment 
warms and contracts by a corresponding 
amount. Measurement of the magnitude of 
changes in core:periphery heat distribution on 
induction of anaesthesia contribute to a clearer 
understanding of the pathophysiology of peri- 
operative hypothermia. (Br. J. Anaesth. 1998; 
81: 861-864). 


Keywords: temperature, core; temperature, periphery; 
anaesthesia, general 


Normal physiological function requires intact ther- 
moregulatory mechanisms. General anaesthesia 
impairs thermoregulation by central and peripheral 
actions. The resultant perioperative hypothermia 
occurs in three distinct stages.’ This study examines 
the initial stage in which peripheral vasodilatation 
accelerates heat transfer from the core to peripheral 
compartment. This heat redistribution causes the 
core compartment to cool and expand with minimal 
change in overall total body heat content. This 
unquantified expansion of core size may contribute 
to the second stage of anaesthesia-induced hypother- 
mia as the core compartment expands towards the 
body surface and accelerates heat loss. The resulting 
mild to moderate hypothermia is likely to increase 
perioperative morbidity by causing increased 
myocardial workload, impaired oxygen delivery and 
impaired coagulation. Calculation of both the magni- 
tude and rate of change in core size may further eluci- 
date the pathophysiology of perioperative hypothermia 
and enable the development of techniques to improve 


the efficiency of active postoperative rewarming. 
Core size after induction of anaesthesia was therefore 
measured to determine the magnitude and rate of 
these changes. 


Patients and methods 


The study was approved by Southampton Joint 
Ethics Committee, and all patients gave written 
informed consent. Six adult elective surgical patients 
were studied before and after induction of general 
anaesthesia. The general anaesthetic technique and 
patient characteristics were matched as closely as 
possible to the technique used during the calculation 
of total heat content after induction of general anaes- 
thesia.” No premedication was given. Anaesthesia 
was induced with propofol 3 mg kg’ 1.v., fentanyl 
2-3 pg kg’ i.v. and vecuromum 0.1 mg kg" i.v. The 
trachea was intubated and the lungs ventilated with a 
Penlon 200 ventilator using oxygen:nitrous oxide 
(F1,>=0.40) to maintain normocapnia (Paco, 
3.5-4.5 kPa). A heat and moisture exchanging filter 
(Mallinckrodt Medical Hygrobac “S”) was placed on 
the catheter mount. Anaesthesia was maintained 
using 0.5—0.75% end-tidal isoflurane. Patients were 
covered with a light wool blanket before induction of 
anaesthesia and during temperature recordings. 
Room temperature was maintained at 22°C. 

Core temperature (7c) was measured with a tym- 
panic membrane thermocouple probe (Mallinckrodt, 
Northampton, UK) placed before induction of 
anaesthesia after confirmation that the external audi- 
tory meatus was free from wax. Mean peripheral 
temperature (Tp) was recorded with four calibrated 
thermistors (Yellow Springs 400) placed on the 
upper arm, lateral chest wall, lateral thigh and lateral 
calf (Tp=0.3 (chest walltupper arm)+0.2 (leg + 
thigh)).” Temperature data were recorded to a tem- 
perature logger’ at 1-min intervals for 5 min before 
and 20 min after induction of general anaesthesia. 


CALCULATION OF CORE COMPARTMENT SIZE 


Calculation of core compartment size makes several 
assumptions which are considered in detail in the 
discussion: (1) a two-compartment (core and periph- 
ery) model of heat distribution; (2) core mass under 
thermoneutral conditions represents 66% total body 
mass’; (3) specific heat capacity is identical for core 
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and peripheral compartments‘; and (4) after induc- 
tion of general anaesthesia, net, body heat content 
decreases at 0.026 kJ” kg” min 

The derivation of the core compartment size is 
detailed in the appendix. 


STATISTICAL ANALYSIS 


Results are given as mean (sp). Changes in core and 
peripheral temperature were analysed by analysis of 
variance (ANOVA). Significance was taken as 
P<0.05. 


Results 


The mean age of the patients was 53.7 (range 32-74) 
yr, mean weight was 65.2 (sp 8.9) kg and mean body 
mass index was 22.1. The anaesthetic room tempera- 
ture was maintained at 22.1+0.3°C with humidity of 
39.743.2%. 

After induction of anaesthesia, core temperature 
decreased by 0.63 (0.32)°C from 37.0 (0.27)°C to 
36.4 (0.45)°C over a 20-min period (P=0.0001). 
Over the same period, mean peripheral temperature 
increased by 0.32 (0.22)°C from 33.0 (0.74)°C to 
33.28 (0.70)°C (P<0.01) (fig. 1). Core size increased 
from the established value of 66% before induction 
of general anaesthesia to 71.2 (6)% of body mass, 20 
min after induction of anaesthesia (P<0.01) (fig. 2). 


Discussion 


These results show that over a 20-min period after 
induction of general anaesthesia, core temperature 
compartment size increased from 66% to 71% of 
total body mass, while the peripheral compartment 
decreased from 34% to 29%. After induction of gen- 
eral anaesthesia, the core compartment cools and 
expands while the peripheral compartment warms 
and contracts. This is the first study to document the 
magnitude of these changes. 

Under normal physiological conditions, thermal 
energy is transferred from the core to the periphery 
down a temperature gradient. Most thermal energy is 
transferred by blood flow from core to peripheral tis- 
sues. Anaesthetic-induced inhibition of thermo- 
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regulatory vasoconstriction increases peripheral 
blood flow and accelerates heat transfer from the 
core to the periphery.’ The subsequent decrease in 
core temperature and increase in peripheral tempera- 
ture is well documented.”’* Redistribution of heat 
accounts for 87% of the decrease in core temperature 
that occurs cver the initial 30 min after induction of 
general anaesthesia, the remainder being caused by 
the 20% reduction in metabolic heat production and 
increased heat loss.” 

Changes in core and peripheral size occur only in 
approximately the first 30 min after induction of gen- 
eral anaesthesia after which time heat loss exceeds 
heat production and both core and peripheral com- 
partments ccol further.’ As the peripheral compart- 
ment cools, thermoregulatory vasoconstriction 
decreases peripheral heat loss and acts to sequester 
heat within the core compartment.’ Under these 
conditions it has been proposed that the core com- 
partment retracts to a size smaller than normal (i.e. 
less than 66% of total body mass)’ but no calcula- 
tions have been made to support this theory. 
Changes in core size have previously been calculated 
only in hot environments (45°C) where total body 
heat content increases and core size expands to 79% 
of total body mass.” 

The results of this study were calculated based on 
several assumptions. One anatomical site is used to 
represent mean core temperature. It is a method used 
regularly in thermoregulatory studies. Tympanic 
membrane temperature correlates well with cerebral, 
oesophageal, nasopharyngeal and pulmonary artery 
catheter temperature and is regarded as the “gold 
standard” for core temperature measurements by 
many authors.” Variation in temperature between 
these sites is less than 0.5°C under normothermic 
conditions. Ghanges in core temperature are rapidly 
detected at the tympanic membrane and is therefore 
considered an appropriate site to represent core tem- 
perature in this study. 

Peripheral temperature is more variable between 
sites because it is the site of thermoregulatory vaso- 
constriction. Within the tissue itself, small tempera- 
ture variations occur between septa dividing fatty 
layers and different tissues” but temperature of tis- 
sues regarded as “peripheral” usually varies by no 
more than 5°C except in the presence of moderate to 


Core temperature compartment 


severe hypothermia where peripheral vasoconstric- 
tion of fingers and toes can be severe. Skin covering 
the limbs is the coldest of peripheral sites under most 
conditions, whereas that covering the trunk is 
warmer.” A weighted average is used to calculate a 
mean value and has been shown to be a reasonable 
approximation to the true value.” 

Two-compartment modelling of temperature dis- 
tribution is a concept established in early studies of 
thermoregulation” “” and is used widely for model- 
ling perioperative thermal changes. The transition 
from core to peripheral compartment occurs at vary- 
ing depths at different anatomical sites. Core temper- 
ature extends to within 2.5-7 mm from the skin over 
tissues of the upper arm and thigh.” In more 
peripheral tissue, core temperature may not extend 
so close to the surface. A recent study established 
that while tissues 18 mm deep to the sole of the foot 
correlated well with core temperature (r’°=0.87), a 
poorer correlation was shown with tissue at 8 mm 
depth (r’=0.75)."* Rectal and vaginal temperature 
have been documented as not reaching maximum 
values untl a depth of 5 cm in each cavity was 
reached.” However, rectal temperature is recognized 
as being slightly higher than true core temperature 
through the effects of thermogenic bacteria and thus 
this depth may be only an approximation. Thus core 
temperature appears to extend to within a few cen- 
timetres of all body surfaces where it decreases by 
approximately 5°C across the peripheral compart- 
ment. The apparent extension of the core compart- 
ment to within a few centimetres of the body surface 
and the sharp decrease in temperature close to the 
body surface allows approximation to a two-com- 
partment model. The two-compartment model 
allows calculation of core and peripheral heat distrib- 
ution at rest,” after induction of general anaesthesia’ 
and during hyperthermia.’ It has also been used to 
investigate the effect of morphometric characteristics 
on perioperative hypothermia’ ” and is central to an 
understanding of the mechanisms causing post- 
operative hypothermia in patients after hypothermic 
cardiopulmonary bypass.” ”” 

Calculation of energy content of tissues assumes 
that tissues of core and peripheral compartments 
have similar specific heat capacity (SHC). SHC of 
tissue (heart, liver, kidney, brain, spleen, blood) con- 
tained within the core compartment varies from 3.60 
to 3.89 kJ kg’ K”. Although there are no specific 
studies, bone can be regarded as mostly at core tem- 
perature but has a significantly lower SHC of 1.30 kJ 
kg’ K”. Tissues of the peripheral compartment are 
mostly skin, subcutaneous fat and some muscle. 
SHC of skin is 3.47 kJ kg’ K”, fat 2.30 kJ kg’ K“ 
and muscle 3.72 kJ kg' K’.°”” Difficulties exist in 
determining the amount of tissues such as fat, bone 
and muscle that should be allocated to each com- 
partment. In addition, changes in core size with 
hypothermia change the proportions of tissue within 
each compartment. Thus determination of mean 
SHC of core and peripheral compartments involves 
several unknown variables. No estimates have been 
made of mean values for core and peripheral com- 
partments but it is thought that use of a mean value 
for both compartments is an adequate approxima- 
tion for the calculation of thermal energy content.” 

The change in body heat content after induction of 
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general anaesthesia is small. In six separate studies, 
estimates of net heat loss during anaesthesia have 
varied between 42 and 130 kJ h’.’” This variability 
appears to be caused by different anaesthetic tech- 
niques and differences in room temperature at which 
the studies were carried out. Different anaesthetic 
techniques may vary both in their effects on the inter- 
nal redistribution of body heat and the ensuing rate 
of heat loss. The results of this study are specific both 
to the anaesthetic technique and room temperature, 
but because changes in heat content as a proportion 
of total body heat are small, it is likely that core size 
will change by similar magnitude when using other 
anaesthetic agents. 

Heat loss on induction of anaesthesia calculated by 
Matsukawa and colleagues used the most accurate 
methodology of any study.’ Six minimally clothed vol- 
unteers were anaesthetized and studied for 3 h at a 
room temperature of 22°C during which overall heat 
balance was determined from the difference between 
cutaneous heat loss (thermal flux transducers) and 
metabolic heat production (oxygen consurnption). 
Arm and leg tissue heat content was determined by the 
use of 19 i.m. thermocouples, 10 skin temperatures 
and “deep” foot temperature. Data from this work 
were therefore used for this study to calculate total 
body heat at any given time after induction of general 
anaesthesia. Caution must be exercised when applying 
data from one study to another, but anaesthetic tech- 
nique and environmental conditions were matched 
closely in the study population and the subsequent 
changes in core and peripheral temperatures were of 
similar magnitude in both studies. There was a differ- 
ence in body mass index (BMI) which was higher in 
the study by Matsukawa and colleagues (25.6 vs 22.1). 
Although body fat has been regarded as an insulating 
layer, the effect of body fat on heat loss is variable and 
some studies have shown no effect on heat loss during 
anaesthesia.’ Increased body fat content reduces the 
amount of redistribution hypothermia during the first 
hour of anaesthesia but the effects are most marked at 
extremes of body fat content.” The small differences in 
BMI and subsequent differences in heat loss between 
the two groups is small and the effects on calculation of 
core size are therefore minimal. 

This study was limited to a 20-min period after 
which patients were moved to the operating theatre 
and surgery began. At this stage, many variables 
make further calculations of body heat content inac- 
curate through immeasurable heat loss from removal 
of insulating blankets,” application of cold surgical 
cleaning fluid, cooling by convection from theatre 
ventilation, evaporative water loss from open body 
cavities and loss of heat in body fluids.’ The rate of 
heat loss documented by Matsukawa and colleagues’ 
and used for these core size calculations was mea- 
sured in subjects in a stable environment and there- 
fore cannot be applied when the patient is moved to 
the operating theatre where heat loss during surgery 
is approximately twice that documented ın the stable 
environment of the anaesthetic room.” 

Initial redistribution hypothermia is followed by a 
distinct second stage in which heat loss exceeds 
metabolic heat production to cause a slow decrease 
in core temperature. The increased heat loss during 
this second stage may be contributed to by the 
expansion of core compartment towards the body 
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surface resulting in a greater rate of heat loss across 
the shallower peripheral compartment. This study 
has documented for the first time changes in heat 
distribution in the. first of three stages of 
anaesthetic-induced hypothermia. It is hoped that 
the results will be a useful measure in the study of the 
pathophysiology of hypothermia under anaesthesia. 


Appendix 


‘Total body heat content in a resting state, before induction of gen- 
eral anaesthesia can be calculated from the equations: 


Mean body temperature (Tb)’ 
Tb=0 66 Tc+0.34 Tp a) 

Total body heat content (Qb)’ 
Qb= Mb. s. Tb (2) 


where s=mean specific heat capacity of human tissue (3.475 kJ kg” 
K’); Qb=total body heat content; Qc=total core heat content; 
Qp=total peripheral heat content; Tb=mean body temperature; 
Tc=mean core (tympanic membrane) temperature; Tp=mean 
peripheral temperature; Mb=total patient mass, Mc=core mass; 
and Mp=peripheral mass. 

After induction of general anaesthesia, total body heat content 
decreases linearly at 0.026 kJ’ kg’ min™ (130 kJ h’).” Using the 
same anaestheuc technique, total body heat content at nume “r” 
after induction of anaesthesia can be calculated from the equation: 


Qb, (k])=Qb,~(0.026. Mb. 2) 


where Ob,=total body heat content before induction of anaesthe- 
sia; and Ob,=total body heat content at tme “2”. 

Calculanon of core (x) compartment size at time “r” can be 
made by re-arranging the equation. 

Qb>=(s. Tc, Mb. x)+(s. Tp, Mb. (1-*)) 

where x=core size; Jc=mean core temperature at time “2”; 
Tp =mean peripheral temperature at time “r” 

Calculations for the derivation of “x” are outlined below. 


Ob=Oct+ Op (3) 
Qb=(Tc. s. Mc)+(Tp. s. Mp) (4) 


But Mp=Mb—Mc and therefore, combining equations (2) and 
(4): 


Qo=(Te. s. Mc)+(Tp s Mb)-(Tp. s. Mc) (5) 
Rearranging equation (5): 
Qb-(Tp. s. Mb)=(Mc. s)(Te-Tp) (6) 
Qb-(Tp. s. Mb) 
s. (Tc-Tp) M 


After wduction of general anaesthesia, body heat content 
decreases at 0.026 kJ" kg” mm”. Thus at a time “?”- 


Qb=Qb,(0.026. Mb 1) (8) 
Therefore, from equation (7): 
0 026 Mb. Tp, 8. 
Me = 2 (Ip, 9. Mi) is 
s(Tc-Tp, 
Qb,=Mb. s. Tb, from equation (2) 
Substitute 
he 026 Mb. iS 
Mes (Mb. s. Tb,)-(0 Tp, s. Mb) 05 
s(Tc-Tp) 
Mb (s (Tb,-Tp,)-0.026 1) 
c, =——— (11) 
s (Tc-Tp,) 


Mc, _ s(Tb,-Tp,)-0.026 ¢ (12) 
Mb | Tc-Tp, 
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Intranasal midazolam for premedication of children undergoing 
day-case anaesthesia: comparison of two delivery systems with 
assessment of intra-observer variability 


N. GRIFFITH, S. HOWELL AND D. G. Mason 


Summary 


Midazolam is often used for paediatric premed- 
ication. We have compared two methods of 
administering midazolam intranasally in 44 
surgical day-case children allocated randomly 
to receive midazolam 0.2 mg kg” as drops or 
midazolam 0.1 mg kg" from an intranasal spray 
device. Behaviour was recorded on a four-point 
scale by the parent, nurse and anaesthetist. 
Coefficients were obtained representing the 
change in behaviour score. There was no signifi- 
cant difference in method of administration 
(coefficient 0.13, P=0.39). Children were signifi- 
cantly more distressed at the time of premedica- 
tion and at the time of venous cannulation 
(coefficients 1.31 and 0.70) than at baseline. 
There was no significant difference in the assess- 
ments between observers. Midazolam by either 
method was equally effective but acceptability of 
the premedication was poor in both groups. 
Intranasal midazolam cannot be recommended 
as a method for routine premedication of young 
children. (Br. J. Anaesth. 1998; 81: 865-869). 


Keywords: hypnotics benzodiazepine, midazolam; premedica- 
tion, midazolam; anaesthesia, paediatric; anaesthesia, day case 





In paediatric day-case anaesthesia, premedication 
may be required to minimize psychological stress or 
to control a distressed child. If used, it needs to be in 
an acceptable form, to have a rapid onset with mini- 
mal hangover effect and to have few side effects. 
Amnesia for transfer and entry to the operating the- 
atre and a smooth induction may also be desired to 
reduce anxiety at subsequent visits. 

Midazolam, a water soluble, short-acting 1, 4-benzo- 
diazepine, may be administered by various routes. 
Oral and rectal routes are used widely and provide 
effective sedation. However, some authorities have 
expressed concern about the wide bioavailability 
when given by these routes, ranging from 18% to 
44% with an appreciable first-pass effect. ? I.m. 
administration is painful and the sublingual route is 
effective but has poor compliance.’ The intranasal 
route for midazolam has been used since 1988 and 
has the advantage of rapid absorption directly into 
the systemic circulation with no first-pass effect and 
a bioavailability of 55-83%." " However, the delivery 
method appears to be poorly tolerated and threaten- 
ing, with poor retention of drops and drainage into 
the post-nasal space.” 


Midazolam 0.1-0.2 mg kg‘ by nasal drops from a 
syringe provides adequate plasma concentrations 
and good effect within 10-12 min.” ” As a fine spray, 
the drug can be delivered well into the nasal cavity, 
avoiding spillage and swallowing seen with drops 
and thus allowing a smaller dose to be used.” Our 
primary aim was to determine if application by spray 
delivery was practicable and if it would be less 
unpleasant while still being as effective as drops. 

Assessing distress in children is subjective. We also 
compared assessments of each subjects distress 
made by three different observers: the child’s parent, 
a ward nurse and the study anaesthetist (N. G.) using 
a numerical rating score modified from Davis and 
colleagues. 


Patients and methods 


After obtaining approval from the Institutional 
Ethics Committee and informed written consent 
from parents, we studied 44 children, weighing less 
than 30 kg, aged 1-8 yr. All patients were ASA I or TI 
and were undergoing elective day surgery in the 
paediatric day unit. Patients were excluded if there 
was parental or child refusal or if there were nasal 
secretions. 

The children were allocated randomly by the toss 
of a coin to receive commercially available i.v, mida- 
zolam (5 mg ml’, Hypnovel, Roche) intranasally by 
one of two applicators. Group D received midazolarn 
0.2 mg kg” as drops from a l-mili syringe (n=20) and 
group S received midazolam 0.1 mg kg‘ as a spray 
from a nasal pump (n=24), in each case corrected to 
the nearest 0.5 mg. A lower dose was given using the 
spray, as better delivery and absorption were expected 
with this route of administration, as shown by better 
bioavailability.” 

EMLA cream was applied to the dorsum of both 
hands. Resuscitation equipment was available, 
including flumazenil 0.5 mg ml”. Premedication was 
administered in the treatment room on the ward by 
the study anaesthetist (N. G.) just before the patient 
went to theatre. The child sat facing forwards on the 
parent’s lap while their arms were gently restrained 
by one parental hand and the other hand used te tilt 
the forehead back 15°. Premedication was given by 
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the study anaesthetist to one nostril using either a 1- 
ml syringe or a nasal pump spray (Perfect-Valois UK 
Ltd, Pump VP3/140 18ph White Plastic Gasket No 
100, Diptube 32mm) and modified bottle into which 
conveniently fitted a 2-ml midazolam 5 mg ml’ 
ampoule (fig. 1). The metered dose with each spray 
had a volume of 0.1 ml equivalent to midazolam 
0.5 mg. 

Each child’s behaviour was scored on a four-point 
scale presented on a printed card as follows: 

=unafraid, calm, playing and relaxed; 2=calm with 
reassurance, suspicious; 3=miserable, afraid, anxious; 
t=crying, clinging, combative. Scores were obtained 
separately and independently from three observers: 
parent, ward nurse responsible for the child and 
N. G., at the following times: before premedication 
(baseline), immediately after premedication, on 
arrival in theatre and at cannulation. 

The parent and N. G. were both present through- 


out the study. They gave their scores for the effect of 


the premedication immediately after administration 
of midazolam. The nurse left the room before admin- 
istration of midazolam and returned to give her score 
approximately 3 min later. Thus the nurse was blind 
to the mode of premedication and her score was 
given slightly later than that of the parent and N. G. 
She then accompanied the child to theatre with the 
parent and N. G. Four different nurses were present 
on the ward during the study, but the same nurse fol- 
lowed through each child. 

On arrival in the anaesthetic room, vein cannula- 
tion was performed using a 22-gauge Venflon and i.v. 
induction was performed in preference to inhalation 
induction. Analgesia was provided with rectal 
diclofenac 1 mg kg and local blocks where appropri- 
ate. Any complications were noted. 

Behaviour at induction was assessed by the anaes- 
thetist, and that at recovery by the recovery nurse, as 
either good or poor. Both were unaware of whether 
or not the child had received premedication. The 
child was sent to the ward when fully awake. Before 
discharge home, the parents and child (if old 
enough) were asked to comment on the acceptability 
and effectiveness of the route of premedication. 

Data were analysed using STATA 5.0 from 
Windows °95 running on a Dell Latitude XPi CD. 
Descriptive statistics were produced for the two 
patient groups. Median (range) values were reported 
for continuous variables and proportions for categor- 
ical variables. The groups were compared using 
unpaired z tests for continuous variables and Fisher’s 
exact test for categorical variables. 

The effects of type of delivery system, observer and 
time of observation were examined by multiple linear 
regression modelling. Indicator variables were used 
to identify treatment with drops, two of the observers 
(the nurse and anaesthetist), and time periods after 
baseline. This gave a regression model which 


described the behaviour score for a child in terms of 


a baseline value plus coefficients, indicating the deliv- 
ery system, time period and observer: 
Behaviour score= 
baseline+observer, (x)+observer,(x) + ...etc. 
As the nurse made her observation approximately 


3 min after the parent and anaesthetist, an interac- 
tion term was introduced to examine specific differ- 
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Figure 1 Intranasal spray device 


ences between the other observers at this time. 
Coefficients were examined using a z test. P<0.05 
was taken as significant and robust standard errors 
were used as repeated measures were being taken on 
the same patient at different times. 

The use of robust standard errors allows the 
assumption of the independence of observations to 
be relaxed. Conceptually they may be viewed as 
being estimated by repeated sampling of the dataset 
with replacement (as in the bootstrap method). In 
STATA they are calculated by Huber’s method (also 
known as the sandwich estimator of variance) which 
allows robust standard errors to be calculated with- 
out having to fit the model a large number of times.” 


Results 


We recruited 44 children: 20 children in the drops 
group (group D) and 24 in the spray group (group S). 
Only one child who had been randomized (group D) 
refused the premedication. Five others did not 
receive the complete dose: one in group D where the 
drops were seen to drip out of the nares and four in 
group S who moved before all the metered spray 
doses had been administered. All patients were 
included in the statistical analysis as the data were 
analysed on the basis of intention to treat. 

Both groups were similar in age, weight, previous 
operations, type of anaesthesia and surgery, and 
induction and recovery behaviour (table 1). No child 
stayed in hospital overnight. The behaviour scores for 
the two study groups, as given by the three observers, 
are reported in table 2. 
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Yable 1 Patient characteristics (median (range) or number) 








Group D Group S 
(midazolam drops (midazolam spray 
0.2 mg kg") 0.1 mg kg”) 
(n=20) (n=24) 
Age (yD) 4.5 (1.3-8.2) 4.8 (1-8.5) 
Weight (kg) 17.3 (10.4-25.5) 17.9 (10-27.8) 
Previous operation 4 5 
Method of induction 
Lv. 19 21 
Inhalation 1 3 
Procedure 
Circumcision 6 7 
Hernia repair/hydrocele 3 3 
Orchidopexy/PPV 6 . 6 
Umbilical hernia repar 1 2 
Other 4 6 
Behaviour at induction 
Good 19 19 
Poor 1 
Behaviour in recovery 
Good 17 20 
Poor 3 4 


A linear regression 'model was generated to 
describe the data (table 3). The coefficients and con- 
fidence intervals (CT) in the equation were as follows: 
the constant in the equation indicating the behaviour 
score of a child in group S, at baseline, as observed by 
the parent, was 1.44 (95% CI 1.15—1.72); the coeffi- 
cient for the effect of drops compared with the spray 
was 0.13 (95% CI -0.29-0.56). There was no signifi- 
cant difference in scores between the two methods of 
administering midazolam (1.00, 1 df, P=0.39). 

The coefficients for premedication, arrival in 
theatre and cannulation were positive, indicating that 
the children were significantly more distressed at 
these times than at baseline. At the time of premed- 
ication, coefficients were 1.31 (95% CI 1.22-1.41, 
t=43.49, 1 df, P>0.0001), at the time of arrival in 
theatre, 0.09 (95% CI 0.09-0.10, 2=95.09, 1 df, 
P>0.0001) and at the time of cannulation, 0.70 (95% 
CI 0.69-0.70, r=322.39, 1 df, P>0.0001). The coeffi- 
cient for time of premedication was greatest, reflect- 
ing the fact that children were most distressed at this 
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time. While statistically significant, the coefficient 
of 0.09 for arrival in theatre was not clinically signifi- 
cant. 

There were no significant differences between the 
scores given by the three observers. For the nurse, 
coefficients were —0.17 (95% CI -0.52-0.18, 
t=—1.50, 2 df, P>0.23) and for the study anaesthetist, 
—0.21 (95% CI -0.5-0.08, =-2.3, 2 df, P>0.11). 

The nurse observing the child after premedication 
found the child to be less upset than the other 
observers. The interaction term was negative and 
highly significant (0.79, 95% CI —0.08 to -0.49, 
t=-8.58, 1 df, P>0.0001). The residuals from the linear 
regression model were normally distributed and their 
values were independent of the predicted values, indi- 
cating that this was an adequate model for the data. 

Behaviour at induction was recorded as good by 
the case anaesthetist for 19 of 20 children in group D 
and for 19 of 24 children in group S. Similarly, 
behaviour on awakening was recorded by the recov- 
ery nurse as good for 17 of 20 children and for 20 of 
24 children in groups D and S, respectively (table 1). 

The majority of children found premedication 
administered by the nasal route unpleasant, whether 
given by spray or drops. Most complained of 
unpleasant taste and younger children dribbled. A 
smaller proportion complained of stinging in the 
nose, with younger children rubbing their noses— 
this was more common in group S (13 of 24 children 
compared with seven of 20 in group D). Half of the 
children in each group cried and only one of the 43 
children neither cried nor complained. 

On later questioning, 14 of 20 children in group D 
were old enough to comment and described the 
premedication as “horrible”. One had refused the 
premedication and five others were too young to 
comment but had cried and been upset. Of the 16 
patients old enough to comment in group S, 15 
described the premedication as “horrible” and one as 
“okay”. The other eight children were too young and 
had cried on administration. Only one child in group 
S, aged 4.5 yr, neither complained of the taste nor 
stinging, did not cry and described the premedica- 
tion as okay. 


Table 2 Behaviour scores at specified times from the parent, nurse and anaesthetist (mean (sD)) 











Baseline score Premedication score Theatre arrival score Cannulation score 
Drops Spray Drops Spray Drops Spray Drops Spray 
Parent 1.6 (0) 1.4 (0 6) 3.3 (0.9) 2.7 (0.8) 1.6 (0.6) 1.3 (0.6) 2.1 (1.0) 2.3 (0.9) 
Nurse 1.5 (0.5) 1.2 (0.5) 2.0 (0.9) 1.7 (0.8) 1.7 (0.6) 1.4 (0.6) 1.8 (0.9) 2.1 (1.1) 
Anaesthetist (N. G.) 1.5 (0.6) 1.4 (0.5) 2.6 (1.1) 2.4 (0.9) 1.5 (0.7) 1.3 (0.6 1.8 (0.8) 23(1.0) 
Table 3 Linear regressions describing data 
Robust 95% confidence 
Coefficient standard error t P interval 
Drops 0.13 0.13 1.00 0.39 —0.29—0 56 
Time of premedication 1.31 0.03 43.49 <0.001 1.22-1.41 
Time of arrival in theatre _ 0.09 0 0009 95.09 <0.001 0.09-0 10 
Time of cannulation 0.70 0.002 322.39 <0.001 0.69-0.70 
Observer—nurse -0.17 0.11 - -1 50 0 23 —0.52-0.18 
Observer—anaesthetist 0.21 0.09 —2.30 011 —0.50—0.08 
Interaction term=nurse observer 5 
for premedication -0.79 0.09 -8.58 0.003 —1.08 to—0.49 
0.001 1.15-1.72 


Constant 1.44 _ 0.09 
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No child became excessively sleepy and there were 
no complications related to administration, although 
one child in group S had a minor nose bleed the 
following day. 


Discussion 


Minor surgery and day-case anaesthesia can cause 
great distress for both children and their parents. 
Previous surgery with possible frightening memories 
has been identified as a factor causing postoperative 
anxiety reactions; amnesia of these events is desirable 
in paediatric patients." 

Numerous authors have searched for the ideal 
paediatric premedicating agent and also for the best 
route of administration.” “° ®t A premedicant must 
have an acceptable, atraumatic route of administra- 
tion in addition to other characteristics needed for 
such a drug. Intranasal midazolam solution is not 
marketed, but the commercially available 5-mg ml” 
i.v. solution can be used. Most studies have used 
midazolam 0.1-0.2 mg kg” and several pharmaco- 
kinetic studies have examined plasma concentrations 
and effect at varying intranasal doses.” ” 77 

Intranasal midazolam has generally been adminis- 
tered in the form of drops, which in the awake patient 
are difficult to keep in the nose and may be swal- 
lowed and subjected to first pass metabolism in the 
liver. Some studies have indicated the actual mode 
and device of application but few give an idea of 
acceptance. Twersky and colleagues used a Devilbiss 
286 atomizer to deliver 0.2 mg kg” but did not 
mention acceptability.” Bjorkman, Rigemar and 
Idvall used a spray bottle in adults and commented 
that some patients found the solution slightly irritat- 
ing but all found the procedure acceptable. Other 
authors have mentioned temporary distress, burning, 
unpleasant taste, sneezing, stinging, coughing, 
swallowing or crying.” Y Many do not discuss 
adverse reactions to application; omission may 
signify unpleasantness.” Midazolam has been given 
to adults by nebulizer with good acceptability.” 

Assessing distress in children may be difficult. We 
compared assessments of behaviour made by the 
parent, doctor and nurse, and found no significant 
differences. There was also no significant difference 
between nasal drops and spray with regard to distress 
experienced by children. They were noted to be sig- 
nificantly upset at the time of premedication as 
judged by both the parent and study anaesthetist. 
The nurse, who observed the child approximately 3 
min after premedication, did not observe the same 
degree of distress, suggesting that the distress is 
short-lived. However, on later questioning, 97% 
of children able to comment had been frightened by 
the mode of premedication and described it as 
“horrible”. This recall of an unpleasant response 
could make the child more fearful of another visit to 
hospital. 

It had been surmised that the fine aerosol would 
allow greater contact with the absorbing surface and 
that application would be less unpleasant than drops. 
Bioavailability with spray has been shown to be high 
(83%) with virtually complete absorption”; however, 
this greater contact seems to cause more nasal sting- 
ing than drops. One Indian child described the spray 
as like having hot red chillies up his nose. The sting- 
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ing may be caused by the acidity of midazolam (pH 
3.5) sensitizing pain receptors in the distribution of 
the trigeminal nerve in the nasal mucosa, affecting a 
greater area with the spray than with the drops. The 
spray and drops caused an equal incidence of 
unpleasant taste implying that even as an aerosol the 
solution did not remain within the nasal cavity and 
reached the taste receptors in the oropharynx and on 
the posterior tongue via the post-nasal space. It is 
surprising that the drops did not cause a greater taste 
sensation than the spray, as more seemed to reach the 
mouth. 

Administration as a spray is complicated by the 
need to keep the head still for multiple applications. 
For larger children of more than 20 kg, where four or 
more sprays of the 5-mg mJ” solution were needed, 
compliance was a real problem and movement and 
struggling between sprays led to loss of some of the 
solution. This was even more noticeable as the sting- 
ing was apparent immediately. A more concentrated 
solution would have allowed fewer sprays, but this 
could not be formulated through our pharmacy 
department, although a 40-mg mI” solution was used 
in one other study.” Transmucosal absorption 
depends on the physical and chemical properties of a 
solution; better absorption may be expected if mida- 
zolam was in a lipophilic vehicle at neutral pH unlike 
the hydrophilic form in which it exists. Secretions 
from nasal irritation may also alter absorption. 

We used a four-point scoring system modified 
from Davis and colleagues." This was limited in that 
it allowed only two extreme scores and two inter- 
mediate scores. Also, the statistical analysis assumed 
that the points were evenly distributed on an interval 
scale. While we used a scoring system which had 
been used previously by other authors, a visual 
analogue scale would have helped obviate these 
problems. The difficulties with behavioural scoring 
systems are reflected by the fact that, while the scor- 
ing system showed that parents scored their child as 
more distressed in theatre, from the parental ques- 
tionnaire, 36 of 44 parents felt that their child’s 
behaviour had improved by the time they arrived in 
theatre. Also, the case anaesthetist and recovery 
nurses felt that behaviour was good in the majority of 
children (table 1). This may reflect the subtle distinc- 
tion between distress and behaviour. A child may be 
well behaved but terrified. However, it seems likely 
that our current tools for measuring distress in chil- 
dren are not perfect. 

The study was not fully blinded as the logistics 
were such that the study anaesthetist also adminis- 
tered the premedication and therefore could not be 
blinded. Only the nurse was blinded to the route of 
premedication as it was considered to be unaccept- 
able to exclude the parent from the room at that 
time. There was no placebo group as inclusion of 
such a group would have complicated the study 
design, but it would have allowed the efficacy of nasal 
midazolam by different applicators to be examined 
quantitatively. 

In summary, midazolam was shown to cause sig- 
nificant distress at the time of intranasal administra- 
tion, whether by drops or spray. This is subsequently 
remembered by children as an unpleasant experience 
and thus it cannot be recommended as a routine 
method of premedication in children. 
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I.v. intraoperative ketoprofen in small children during adenoidectomy: 


a dose-finding study 


H. Koxxt, E. NIKANNE AND K. TUOVINEN 


Summary 


We have investigated if a low dose of ketoprofen 
(0.3 mg kg”) i.v., provided as good analgesia 
with less adverse effects than higher doses (1.0 
and 3.0 mg kg”) in 220 children, aged 1-7 yr, 
undergoing adenoidectomy, in a prospective, 
randomized, double-blind, placebo-controlled, 
parallel group study. The postoperative anal- 
gesic effect was notable even after the lowest 
dose of ketoprofen. However, the higher doses 
seemed to provide better analgesia with no 
increase in adverse events or intraoperative 
bleeding. None of the children experienced post- 
operative bleeding which would have required 
intervention or delayed discharge from hospital. 
This study confirms the efficacy and safety of 
intraoperative ketoprofen in children during ade- 
noidectomy. (Br. J. Anaesth. 1998; 81: 870-874). 


Keywords: pain, postoperative; analgesics non-opioid, keto- 
profen; analgesia, pre-emptive; analgesia, paediatric; 
surgery, otolaryngological 


After day-case surgery, children need to be free from 
pain and alert when leaving hospital. Analgesia 
should be initiated with an effective drug which has 
few adverse effects. Opioids, although potent anal- 
gesics, can produce emesis, excessive sedation and 
respiratory depression. Non-steroidal anti-inflamma- 
tory drugs (NSAID) can eliminate the need for opi- 
oids after operation in children.’ However, NSAID 
can cause gastrointestinal and renal dysfunction. 
They also prolong the bleeding time and so can 
increase postoperative blood loss.” 

Ketoprofen is a NSAID which belongs to the same 
group of phenylpropionic acid derivatives as ibu- 
profen and naproxen. It has been in clinical use since 
1974.’ In many countries, ketoprofen is available for 
iv. administration; this may be useful during the 
intraoperative period. Adenoidectomy is one of the 
most common surgical procedures in childhood and 
it is frequently carried out as a day-case procedure. 
In our previous studies, we have proved that intraop- 
erative ketoprofen i.v. provides good background 
analgesia with a low incidence of adverse effects after 
adenoidectomy in small children.** To date, the opti- 
mal dose of ketoprofen for children in the treatment 
of postoperative pain is unknown. 

In this study, we have determined if a low dose of 
ketoprofen i.v. provided good analgesia with less 
adverse effects than higher doses in children aged 
1-7 yr after adenoidectomy. Doses of ketoprofen 0.3, 


1.0 and 3.0 mg kg’ were compared with placebo; 
doses of 0.3 mg kg” and 3.0 mg kg” have not been 
studied previously. It was of interest to see if this high 
dose would enhance efficacy without increasing 
adverse effects. 


Patients and methods 


The study was approved by the Ethics Committee of 
Kuopio University Hospital and was conducted in 
accordance with the Declaration of Helsinki. The 
parents of all patients gave written informed consent. 
The National Agency for Medicine approved the use 
of ketoprofen in children less than 20 kg. 

We studied 220 ASA LI patients, aged 1-7 yr, 
undergoing adenoidectomy (with or without myringo- 
tomy, tympanostomy or sinus lavage). Patients were 
excluded if they had a known allergy to ketoprofen or 
any other NSAID, asthma, kidney or liver dysfunction, 
or a haemorrhagic diathesis. We used a prospective, 
randomized, double-blind, placebo-controlled, paral- 
lel group study design. Children were allocated ran- 
domly to one of three ketoprofen groups or a placebo 
group. Fentanyl i.v. was available for rescue analgesia. 
A block randomization method was used to keep the 
number of children equal in all groups. After induction 
of anaesthesia, children in the ketoprofen groups 
received ketoprofen 0.3 mg kg” (group 0.3), 1.0 mg 
kg’ (group 1.0) or 3.0 mg kg” (group 3.0) dissolved in 
10 ml of 0.9% saline, injected i.v. over 5 min. Children 
in the placebo group received a similar volume of 
0.9% saline. The number of children in each group 
was 55. 

A standard anaesthetic technique was used. Each 
child was premedicated with diazepam 0.5 mg kg’ 
orally up to a maximum of 10 mg, 30-45 min before 
induction of anaesthesia. EMLA cream (Astra, 
Sweden) was applied to the skin 60 min before 
venepuncture. Anaesthesia was induced with 
thiopental (thiopentone) 5-7 mg kg" and fentanyl 
1 pg kg“, and tracheal intubation was facilitated with 
atracurium 0.5 mg kg’. Anaesthesia was maintained 
with 1-1.5% isoflurane (inspired concentration) and 
65% nitrous oxide in oxygen with IPPV. On comple- 
tion of the procedure, neuromuscular block was 
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antagonized with neostigmine 50 ug kg’ and glyco- 
pyrrolate (glycopyronnium) 10 pg kg’. No more opi- 
oid was given during operation after the induction 
dose of fentanyl. All children were given 0.9% saline 
10 ml kg’ h' for intraoperative fluid maintenance. 
After surgery, children were transferred to the 
post-anaesthesia care unit (PACU) for continuous 
monitoring of vital signs and assessment of pain. 

The adenoids were removed using a curettage 
technique. Haemostasis was controlled with tempo- 
rary nasopharyngeal packs with or without electro- 
cautery. Surgeons estimated the amount of bleeding 
using a five-point scale (1=no bleeding, 2=less 
than normal, 3=normal, 4=more than normal and 
5=profuse). 

Postoperative pain was assessed using the 
Maunuksela score.” The Maunuksela score is an 
observer assessment based on facial expression, 
vocalization, movement or rigidity of the limbs and 
body, response to handling and irritability, and mea- 
sured cardiorespiratory variables. In the Maunuksela 
score, 0O=no pain, 1-3=mild pain, 4-6=moderate 
pain, 7-9=severe pain and 10=worst possible pain. 

Specially trained research nurses assessed pain 
expressed by the child at rest and during swallowing. 
Pain scores were recorded hourly. If the child was in 
pain at rest (pain score 23) fentanyl 1 pg kg’ was 
given for rescue analgesia and was repeated at 10-min 
intervals until the child was comfortable. No more 
than three doses of fentanyl were allowed in 1 h. No 
other analgesic medication was permitted during the 
study. The children were monitored closely after each 
dose of fentanyl in the PACU. Just before leaving 
hospital, pain at rest and during swallowing was 
assessed and recorded. At the same time, the worst 
pain during the PACU stay was noted. All adverse 
events were recorded for each patient. 

The children were discharged when vital signs 
were stable, they were awake or easily aroused, had 
no pain or mild pain, were able to tolerate clear flu- 
ids, had no bleeding and had not vomited for 60 min. 
On discharge, all children received a ketoprofen 
tablet (2 mg kg') and, for postoperative pain relief at 
home, all children were given ketoprofen 25-mg 
tablets and instructed to take 2 or 3 tablets per day 
(5 mg kg’ day’). 

A power analysis suggested that to have an 80% 
chance of obtaining a 30% reduction in the need for 
rescue analgesia at an a-level of 0.05, a minimum of 
48 children per group would be needed. As the data 
were not normally distributed, analysis of continuous 
variables was performed using the Kruskal-Wallis 
test, and for post hoc analysis, the Mann-Whitney test 
with Bonferonni correction was used. For categorical 
variables the chi-square test was used. P<0.05 was 


Table 1 Patient data for the four study groups (median (10th and 90th percentiles) or number) 


OD 


Pome 


considered statistically significant. Results are pre- 
sented as number of cases (%) or median (10th and 
90th) percentiles, as appropriate. 


Results 


Sex distribution, age, weight, height and ASA status 
were similar in the four groups (table 1). 

The number of children who needed fentanyl in 
the PACU was smallest in group 3.0 and significantly 
different compared with the placebo group 
(P=0.01). In the placebo group, 45 (82%) children 
were given fentanyl compared with 36 {65%}, 34 
(62%) and 29 (53%) in groups 0.3, 1.0 and 3.0, 
respectively. The number of fentanyl doses needed in 
the PACU was smaller in all ketoprofen groups com- 
pared with the placebo group (P=0.01--0.001). The 
number of children who needed more than two fen- 
tanyl doses in the PACU was significantly less m all 
ketoprofen groups (P=0.018-0.001) compared with 
the placebo group. There was no significant differ- 
ence between the ketoprofen groups (fig. 1). 

Of those children who were administered fentanyl 
in the PACU, fewer doses were needed in group 1.0 
(P=0.029) and group 3.0 (P=0.003) compared with 
the placebo group. The proportion of children who 
were administered more than two doses of fentanyl 
was less in group 1.0 (P=0.033) and group 3.0 
(P=0.006) compared with the placebo group. 

Time to the first dose of fentanyl in the PACU was 
longer in the ketoprofen groups than in the placebo 
group, but this difference was not statistically signifi- 
cant (P=0.08): 22 (10th and 90th percentiles 8-457) 
min in the placebo group and 27 (10-73) min, 33 
(13-76) min and 30 (16-82) min in groups 0.3, 1.0 
and 3.0, respectively. 

Maunuksela pain scores observed during swallow- 
ing, 2 h after surgery, were lower in group 3.0 com- 
pared with the placebo group (P=0.046). The worst 
pain at rest in the PACU was also lower in group 
3.0 compared with the placebo group (P=0.014) 
(table 2). 

The surgeon estimated the amount of intraopera- 
tive bleeding using a five-point scale. Although chil- 
dren in group 0.3 were estimated to bleed more than 
children in the placebo group, the difference was not 
significant (P=0.055) (table 3). One child in group 
3.0 had epistaxis in the PACU but it stopped without 
intervention. No child experienced postoperative 
bleeding which would have required intervention or 
reoperation, or which would have caused delay in 
discharge from hospital. 

In the PACU, there were no differences in the inci- 
dence or distribution of adverse effects between 
groups (table 4). There were no serious adverse 

















Ketoprofen 

Placebo Group 0.3 Group 1.0 Group 3.0 

(n=55) (n=55) (n=55) (n=35) 
Sex (M/F) 28/27 34/21 32/23 33/22 
Weight (kg) 15 (11-24) 15 (11-25) 14 (11-23) 14 (10-24) 
Height (cm) 98 (80-123) 96 (81-120) 92 (78-125) 92 (79-118) 
Age (months) 41 (15-79) 40 (18-74) 32 (15-85) 32 (15-72) 
ASA (HID 55/0 52/3 52/3 52/3 
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Figure 1 Number of fentanyl doses during the first 2 h in the 
post-anaesthesia care unit in the ketoprofen groups (ketoprofen 
0.3 mg kg ' (group 0.3), 1.0 mg kg‘ (group 1.0) and 3.0 mg kg ' 
(group 3.0)) and in the placebo group. Placebo vs group 0.3, 
P=0.01; placebo vs group 1.0 and group 3.0, P=0.001 
(Mann-Whitney test with Bonferroni correction). 


events and the medication was not discontinued in 
any patient. 

Administration of fentanyl had an impact on the 
incidence of adverse effects and episodes of vomit- 
ing. Seven children (9%) who did not receive fen- 
tanyl in the PACU had adverse effects compared 
with 30 children (21%) who did (P=0.012). The 
number of vomiting episodes was four of 76 children 
who did not receive fentanyl and 19 of 144 children 
who did (P=0.032). Those children who did not 
receive fentanyl had lower pain scores during swal- 
lowing (0(0-1)) on leaving hospital than those 
who were given fentanyl (0(0-2)) in the PACU 
(P=0.035). 
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Discussion 


In this study, we have shown that the use of ketopro- 
fen reduced the number of doses of fentanyl needed 
in the PACU. The proportion of children who needed 
fentanyl in the PACU was also smaller if they had 
received ketoprofen. The differences were statistically 
significant after a dose of ketoprofen 3.0 mg kg' 
compared with placebo, but the tendency was pre- 
sent after the smaller doses. Further, in those chil- 
dren who required fentanyl, the number of fentanyl 
doses was smaller if ketoprofen had been adminis- 
tered. Our data suggest that ketoprofen i.v. provides 
effective background analgesia with all of the doses 
used in this study. It also has a significant opioid- 
sparing effect. The analgesic effect was enhanced 
with the higher doses, but even the smallest dose had 
a significant effect in reducing the requirement for 
fentanyl. 

In this study, we used a_placebo-controlled 
method. The use of a placebo group was ethical as all 
children in pain were administered fentanyl for res- 
cue analgesia, and before discharge all children 
receive a ketoprofen tablet (2 mg kg'). The worst 
pain at rest in the PACU was assessed as less in those 
children who had received a high dose of ketoprofen. 
These children also experienced less pain during 
swallowing 2 h after operation. This difference was 
not seen 1 h after operation. The relatively slow onset 
of analgesic effect has also been shown in previous 
studies with ketoprofen and other analgesics which 
act via inhibition of prostaglandin synthesis.’ ` 

NSAID are known to prolong bleeding time by 
inhibiting cyclo-oxygenase which leads to inhibition 
of platelet thromboxane A2 production and platelet 
aggregation. Perioperative ketorolac has been stud- 
ied widely in the treatment of postoperative pain in 
children. Increased perioperative bleeding has been 
shown to occur with ketorolac 1 mg kg '."* In our pre- 
vious studies with ketoprofen, only one child experi- 
enced postoperative bleeding.’ This child received 
ketoprofen 2.0 mg kg' and was observed for a few 
hours before discharge. In none of our three studies 
of 491 children has postoperative bleeding occurred 
which would have required intervention or overnight 
admission to hospital. These results may indicate the 


Tùble2 Maunuksela pain scores in the post-anaesthesia care unit (PACU) (median (10th and 90th percentiles)). 
*P=0.046, **P=0.014 (Mann-Whitney test) between the placebo group and group 3.0 








Ketoprofen 
Placebo Group 0.3 Group 1.0 Group 3.0 P 
(n=55) (n=55) (n=55) (n=55) Kruskal-Wallis 
After 1 h 
At rest 1 (0-8) 0 (0-8) 0 (0-8) 0 (0-8) 0.357 
Swallowing 4 (0-8) 3 (0-8) 1 (0-8) 1 (0-9) 0.457 
After2 h 
At rest 0 (0-6) 0 (0-5) 0 (0-1) 0 (0-5) 0.091 
Swallowing 1 (0-7) 0 (0-7) 0 (0-4) 0 (0-6)* 0.047 
On leaving the PACU 
Atrest 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-0) 0.613 
Swallowing 0 (0-1) 0 (0-3) 0 (0-2) 0 (0-1) 0,132 
Worst pain in the PACU 
Atrest 4 (0-8) 3 (0-8) 2 (0-8) 1 (0-8)** 0.026 
Swallowing 5 (0-8) 4 (0-8) 3 (0-8) 3 (0-8) 0.059 
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Table3 Intraoperative bleeding estimated by the surgeon (n (%)) 


Placebo 

(n=55) 
Less than normal 5 (9) 
Normal 47 (86) 
More than normal 3 (5) 





Table 4 Number of adverse effects in the post-anaesthesia care unit (n (%)) 


Placebo 
(n=55) 
Vomuting and/or nausea 5 (9) 
Epigastric distress — 
Somnolence 4 (7) 
Difficulty ın passing urine 1 (2) 
Sa, <90% — 
Redness at the puncture sıte =< 
Mud epistaxis — 
Agitated — 
Total No of adverse reactions 10 
No. of children with one or more 
adverse reactions 9 (16) 


different effects of NSAID on platelet function and 
are worthy of further study.” Inhibition of maximal 
platelet aggregation and platelet thromboxane syn- 
thesis has been shown to be dose related with keto- 
profen and ibuprofen.” In our previous study, 
intraoperative bleeding was estimated to be greater in 
children who received ketoprofen 2 mg kg’ than in 
those who received placebo.‘ In the present study, 
only children who received ketoprofen 0.3 mg kg” 
had slightly more intraoperative bleeding compared 
with those who received placebo. This difference was 
not seen after ketoprofen 1.0 or 3.0 mg kg. 
Therefore, the tendency to dose related intraopera- 
tive bleeding was not seen in our studies. However, in 
our studies, intraoperative bleeding was estimated by 
the surgeon using a five-point scale. Obviously, this 
method may neglect minor differences in intraopera- 
tive bleeding and more exact methods should be 
used in future studies. 

In previous studies with ketoprofen, the incidence 
of adverse effects varied from 0% to 50%.’ In our 
study, 14% of children receiving ketoprofen and 16% 
of children receiving placebo had one or more 
adverse effects. There were no serious adverse events. 
The incidence and scale of adverse effects in our 
study were comparable with earlier reports of short- 
term use of NSAID in children.**’ Based on this 
study and earlier studies, we can confirm the safety of 
i.v. ketoprofen in children during adenoidectomy. 

In day-case surgery in children, it is necessary that 
parents feel safe to leave hospital with their child. 
Children should therefore be painfree and alert. Pain 
and nausea and vomiting are common problems after 
adenotonsillar surgery in children and can delay dis- 
charge.” In this study, children had less vomiting 
and fewer adverse effects if they were not given fen- 
tanyl in the PACU. Pain scores were minimal in all 
groups by discharge. However, on leaving hospital, 
children who were not given fentanyl had even lower 


Ketoprofen 
Group 0 3 Group 1.0 Group 3,0 
(m=55) (n=55) (n=55) 
1(2) 0 (0) 2 (4) 
45 (82) 53 (96) 50 (91) 
9 (16) 2 (4) 3 (5) 
Ketoprofen 
Group 0 3 Group 1 0 Group 3.0 
(n=55) (n=55) (n=55) 
5 (9) 4(7) 5 (9) 
= 1 (2) iene 
5 (9) 2 (4) A 
1 (2) — — 
om 1 (2) oe 
1 (2) a 
ae = 1 (2) 
1 (2) = — 
13 8 6 
12 (22) 5 (9) 6 (11) 


pain scores during swallowing. These results support 
the use of NSAID in day-case surgery in children 
because of their opioid-sparing effect.’ 

In our studies, we have used intraoperative ketopro- 
fen i.v. doses of 0.3-3.0 mg kg”.*’ For routine use, we 
recommend a dose of 1 mg kg”. The higher ketopro- 
fen doses seem to provide better analgesia without 
any increase in adverse effects or perioperative bleed- 
ing. Hence when severe postoperative pain is 
expected after surgery, higher doses or repeated doses 
can be used safely. On the other hand, even the lowest 
doses seem to provide effective background analgesia. 
This finding should be considered in children under- 
going surgery accompanied by a higher risk of intra- 
operative bleeding and in children who are expected 
to have any reduction in haemostatic function. In 
children with a high risk of bleeding, it is appropriate 
to use alternative agents (e.g. paracetamol). 

In our opinion, based on this and our previous 
studies,’ ketoprofen i.v. is a potent analgesic for use 
in children undergoing day-case surgery. It provides 
effective background analgesia after adenoidectomy 
without any adverse effects or perioperative bleeding. 
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Tenoxicam and paracetamol—codeine combination after oral surgery: 
a prospective, randomized, double-blind, placebo-controlled study 


A. F. Merry, P. F. Swinsurn, N. G. Mipp.eton, J. L. EDWARDS AND M.V. CALDER 


Summary 


We studied 90 adults undergoing surgical 
removal of at least both lower third molar teeth as 
day cases under standardized general anaesthe- 
sia. Patients were allocated randomly (with strati- 
fication for surgeon) to receive tenoxicam 40 mg, 
tenoxicam 20 mg or placebo i.v. at induction of 
anaesthesia and orally (effervescent tablets) with 
food on each of the subsequent 2 days. 
Panadeine (paracetamol 500 mg—codeine 8 mg) 
was given before operation and was available as 
needed for pain thereafter, to a limit of two tablets 
every 4 h. Nefopam i.v. was also available. 
Efficacy variables and adverse reactions were 
assessed over 6 days. Over the 6-day period, 
patients who received tenoxicam reported less 
pain on rest (area under the curve; P<0.05) and 
less disturbance in sleep (P<0.01) even though 
they used fewer Panadeine tablets (P<0.05). 
Differences between tenoxicam 40 mg and 20 mg 
were not significant. There was no significant dif- 
ference in nefopam requirements or side effects, 
and no adverse event attributable to the study 
medication. (Br. J. Anaesth. 1998; 81: 875-880) 


Keywords: anaesthesia, dental; analgesia, postoperative; 
analgesics non-opioid, tenoxicam; analgesics non-opioid, 
paracetamol; non-steroidal anti-inflammatory drugs 


Pain may last for several days after oral surgery; it is 
often managed with paracetamol or paracetamol- 
codeine combinations. Recently, it has become popu- 
lar for such regimens to be supplemented with 
non-steroidal anti-inflammatory drugs (NSAID),’” 
and tenoxicam is well suited for this because it can be 
administered once a day parenterally or enterally as it 
has a long half-life (60-70 h).* Ketorolac is also suit- 
able for parenteral and enteral administration but it 
has a short half-life of 4-6 h and needs to be given 
four times a day.” Diclofenac can be used parentally 
but ism. administration is associated with muscle 
damage® and i.v. administration causes thrombo- 
phlebitis unless the drug is well diluted.’ 

The analgesic efficacy of tenoxicam has been well 
documented in comparison with placebo in chronic 
pain and inflammation*® and in several controlled 
studies in the perioperative setting.”” Those compar- 
ing tenoxicam with placebo, saline or no specific treat- 
ment have shown no benefit” or some combination of 
reduced consumption of opioids’ ®'?“*”* or other anal- 
gesics,"' lower pain scores,” better pain relief and a 
longer time to request for first analgesia. There may 


be benefit in intra-articular injection,”™ or in mixing 
tenoxicam with local anaesthetic in regional 1.v. anal- 
gesia, 7 but not in local infiltration of the drug.”” 
Comparisons with other NSAID have shown some- 
what similar efficacy,” although onset of analgesia 
seems to be slower than with diclofenac.” ” 

No advantage was demonstrated with tenoxicam 
40 mg orally compared with paracetamol 1000 mg 
orally immediately before oral surgery,“ and the pos- 
sibility of benefit from combining paracetamol (with 
or without codeine) and tenoxicam has not been 
investigated. Given the side effects of NSAID and the 
relative safety of paracetamol (with and without 
codeine),' we thought it important to investigate 1f the 
practice of adding a NSAID (specifically tenoxicam) 
provides any additional efficacy to a paracetamol- 
codeine combination on its own. 

The optimal dose of tenoxicam for perioperative 
analgesia is not clear. A single dose of 20 mg 1.v. pro- 
duces blood concentrations of only 3 mg litre’ com- 
pared with more than 10 mg litre” at steady state 
with 20 mg daily by mouth.” A loading dose would 
seem rational, given the long half-life of tenoxicam." 
The manufacturer advises 40 mg daily for 5 days in 
the context of postoperative pain relief,” but 
Scaglione and colleagues have demonstrated that sin- 
gle 40-mg loading doses for 2 days, followed by 
once-daily 20-mg maintenance admunistration estab- 
lished the requisite steady-state tissue concentration 
of tenoxicam after the second administration.” 

Therefore, the aim of this study was to investigate 
the efficacy of tenoxicam 20 and 40 mg when used 
with up to two tablets of Panadeine (paracetamol 
500mg-—codeine 8 mg) every 4 h, for pain after oral 


surgery. 


Patients and methods 


This study was undertaken between June 2, 1993 
and May 25, 1994. Approval of the regional Ethics 
Committee and written informed consent from all 
patients were obtained. In order to have a statistical 
power of 80% to show a difference between groups of 
25 mm on a 100-mm visual analogue scale (VAS), 
assuming an sD of 30 mm and nominating P<0.05 as 
significant,” 90 patients were recruited. 


A. F MERRY*, FANZCA, P. F SwINBURN, MDS, FDSRCS (ENG), FRACDS, 
FIcD, N G MIDDLETON, MB, BCH, FCA (Sa), J L EDWARDS, BDS, FDSRCS 
(ENG), FRACDS, M V CALDER, RN, St Marks Clinic, St Marks Road, 
Auckland, New Zealand. Accepted for publicanion July 29, 1998 

*Addresg for correspondence. Department of Anaesthesia, 
Green Lane Hospital, Green Lane, Auckland, New Zealand 


876 


Patients were included if they were undergoing 
surgical removal of at least both lower wisdom teeth 
(with or without extraction of one or two upper wis- 
dom teeth), under general anaesthesia in a day-stay 
facility. Exclusion criteria were: hypersensitivity to 
aspirin or other NSAID; asthma; history of peptic 
ulceration, gastrointestinal bleeding or any bleeding 
disorder; presence of severe renal impairment (crea- 
tinine 20.2 mg ml’), hepatic, cardiac or haemopoi- 
etic disease; pregnancy; presence of any neurological 
disorder liable to interfere with perception of pain; 
history of drug addiction; presence of severe local 
infection; current use of another experimental agent; 
previous general anaesthetic within 6 months; and 
use of NSAID, opioids, diuretics or angiotensin con- 
verting enzyme inhibitors in the 24 h preceding 
surgery. 

Anaesthesia was induced with a sleep dose of 
propofol and maintained with halothane and nitrous 
oxide in oxygen. Patients breathed spontaneously via 
a nasal airway or a laryngeal mask, with appropriate 
packing of the oropharynx. All patients received 
amoxycillin or erythromycin (if allergic to amoxy- 
cillin) before and after surgery. No opioids were 
given. Monitoring was in accordance with the guide- 
lines of the Australian and New Zealand College of 
Anaesthetists (ANZCA).” 

All extractions were carried out by one of two sur- 
geons who used a standardized technique, except 
that local anaesthetic blocks with 2% lidocaine (lig- 
nocaine) with epinephrine (adrenaline) 1:80 000 
were used by one J. E.) but not the other @P. S.), in 
accordance with normal practice. They rated the dif- 
ficulty of the extraction in each case. 

Patients were allocated randomly, in blocks of 15 
with stratification for surgeon, to receive tenoxicam 
40 mg, 20 mg or placebo (groups T40, T20 and PG, 
respectively). The medication was given i.v. immedi- 
ately after induction of anaesthesia and orally (as 
effervescent tablets dissolved in water) with food (at 
breakfast) on days 1 and 2 (the day of surgery being 
day 0). The study was double-blind, with no access to 
the codes, other than by a formalized contingency 
protocol, until all data had been entered into the 
computer and verified against a subset re-entered by 
a second person. No interim analysis was under- 
taken. 

Two tablets of Panadeine (paracetamol 500 mg 
with codeine 8 mg) were given 45 min before opera- 
tion to provide basal analgesia. Panadeine tablets 
were available on an “as required” basis after opera- 
tion up to a maximum of two tablets 4-hourly. 
Consumption over days 0-5 was monitored and 
checked against medication at the end. Nefopam 20 
mg i.v. (repeated once if necessary) was also available 
while in hospital for severe pain. 

The primary outcome variable was pain, which 
was assessed using a 100-mm unmarked visual ana- 
logue scale (VAS) with the anchors “no pain” and 
“severe pain”. Patients indicated their “present pain” 
in hospital 1 h after operation (day 0) and daily 
(including the day of discharge) at approximately 
18:00 (days Oa—5). Each of the latter scores were 
marked by the patient on a separate VAS included as 
part of individual pages of a diary. Patients were also 
asked to assess their pain on a VAS immediately 
before operation. A daily follow-up telephone call to 
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each patient was made on days 0-6 by the study 
nurse at approximately 18:00 as a reminder to record 
their present pain on that day’s VAS and to ask about 
any adverse events which were recorded. At the day 1 
telephone call, a categorical rating (as “nil”, “mild”, 
“moderate” or “severe”, recorded as 0—4) was 
obtained for pain experienced over the first 24 h after 
surgery. A similar rating of sleep disruption during 
the preceding night, attributed by the patient to pain, 
was obtained at every telephone call from day 1 
onwards. Panadeine consumption was also recorded 
daily. While the patient was in hospital, the study 
nurse also recorded the following: heart rate, ventila- 
tory frequency and arterial pressure (before and after 
surgery); sedation rating, nausea rating, vomiting, 
consumption of antiemetic medication and use of 
rescue nefopam (after surgery). During the last tele- 
phone interview, she asked patients to rate the expe- 
rience of taking part in the study. Patients were 
assessed at clinic by the surgeon after 7 days. 
Haemoglobin and creatinine concentrations were 
measured during operation and at the routine follow- 
up. Any adverse event was allocated a severity rating 
jointly by two investigators according to a standard 
protocol developed by Roche Products. The investi- 
gators judged the relationship between these events 
and the study drug as definite, possible or probable, 
but all events were recorded to ensure that no events 
were inappropriately suppressed. 

The processes involved with data collection were 
twice subjected to formal audit by a person not asso- 
ciated with the study. Patients received a small pay- 
ment (NZ$100) to defray the expense associated 
with attending a laboratory for the second blood 
sample and to acknowledge the inconvenience of tak- 
ing part in the study. 

Area under the curve (AUC, ,) of the pain VAS (in 
mm days) for each patient was calculated for days 
0-5 starting from 1 h after operation. Panadeine con- 
sumption (in tablets) and sleep disturbance scores 
were summed for days 0-5. Categorical ratings of 
pain over the first 24 h and VAS at 18:00 on the day 
of surgery (day 0a) were analysed separately as indi- 
cators of early efficacy. None of these variables was 
normally distributed, even after logarithmic and 
other transformations were performed, and therefore 
all efficacy data were analysed using the non-para- 
metric Kruskal-Wallis ANOVA, unless otherwise 
stated. For each variable, the planned orthogonal 
contrasts (PG vs the combined tenoxicam groups 
and T40 vs T20) were calculated when the treatment 
main effect was significant (specified as PS0.05). 
Repeated measures ANOVA was used to examine 
differences between groups in changes between pre- 
operative and postoperative values of haemoglobin, 
creatinine, heart rate, ventilatory frequency and arte- 
rial pressure. All P values are reported without 
correction. 


Results 


We screened 143 patients. An ampoule of study med- 
ication was opened for a recruited patient who did 
not attend, and therefore 89 patients took part in the 
study. The reasons for the other exclusions are listed 
in table 1. There were no other withdrawals and no 
early code breaks. 
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Table 1 Reasons for excluding patients from the study (143 were 
screened in total) 





Reason for exclusion from study Total 





Administrative 
Nurse or anaesthetist unavailable 
Patient cancelled appointment for operation 
Patient would not be available for 7 day follow-up 


Patient declined 
Did not want a placebo 
Feared blood test 
Preferred other drug 
Disliked drugs generally 
Feared side effects, anxious 
Family unwilling 
Did not want to complete a diary 
Study contraindications 
Too young or too old 5 
GA within 6 months 2 
Unable to take effervescent form of medication 1 


NSAID contramdications 
Severe known haemopoietic disease 1 
Hypersensitive to aspirin or other NSAID 4 
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Total excluded 54 





Table2 Patient characteristics (mean (sD or range) or number) 





Placebo T20 T40 

group group group 
n 29 30 30 
Age (yz) 22.1 (18-28) 22.2 (18-28) 21.6 (18-30) 
Weight (kg) 66.0 (2.0) 70.5(2.0) 66.3 (2.1) 
Duration of surgery (min) 24.9 (2.0) 22.9 (2.0) 21.6 (2.0) 
Sex (F:M) 15:14 12:18 10.20 


Treatment groups were similar in age, ethnic 
group, concomitant medication and secondary diag- 
nosis, but weight and sex were less evenly distributed 
(table 2). Seventy-five patients had no preoperative 
pain; the remainder were well distributed between 
the three groups. 

Six patients required- nefopam in the immediate 
postoperative period: four in the T40 group and one 
each in groups T20 and PG (Fisher’s exact test; ns). 
There was no significant difference between groups 
or surgeons for extraction difficulty or duration of 
operation. Minor discrepancies in Panadeine con- 
sumption, identified by checking returned tablets, 
were similar between groups. Analysis on the basis of 
returned tablets gave essentially identical results to 
those reported below. 

Males had higher pain scores than females but 
this difference was not significant (P=0.4; median 
scores for AUC, , were 132.4 and 100.9 mm days, 
respectively). 

There was no significant difference between sur- 
geons for any outcome variable, except in the first 
hour after operation, when pain scores favoured the 
surgeon who used local anaesthetic (median 10 
(interquartile range 2, 37) and 43 (26, 58) for rest 
pain VAS and 8 (2, 44) and 45 (28, 59) for pain on 
talking VAS, respectively; P<0.01). This was not the 
case, however, for the categorical assessment of over- 
all pain for the first day (P=0.86) or for pain scores at 
rest at 18:00 on the day of surgery (P=0.66). 

There was a significant difference in pain at rest 
AUC,, between the three groups: median 167.7 
(interquartile range 94.5, 257.5), 89.9 (43.8, 140.7) 
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and 86.9 (41.3, 184.8) mm days for groups PG, T20 
and T40, respectively (P=0.04). This was attributable 
to a significant advantage for the combined tenoxi- 
cam groups compared with the placebo group 
(P=0.016) but there was no significant difference 
between groups T20 and T40 (fig. 1). The significant 
advantage for the combined tenoxicam groups per- 
sisted for days 0-3 (table 3). 

There was a significant difference in: total 
Panadeine consumption over days 0—5 for the three 
groups (fig. 2) (median 28 (interquartile range 13, 
33), 16 (8, 30) and 16 (8, 23) for groups PG, T20 and 
T40, respectively (P=0.024); rest pain VAS at 18:00 
on the day of surgery (P=0.01, table 3); verbal pain 
rating for the first 24 h after surgery (median 3 
(interquartile range 3, 3), 2 (2, 3) and 3 (2, 3) for 
groups PG, T20 and T40, respectively (P=0.02); and 
total sleep disturbance scores for days 0-5 (median 9 
(interquartile range 8, 12), 7 (6, 9) and 8 (6, 9) for 
groups PG, T20 and T40, respectively (P=0.01). 
These were attributable in each case to a highly signif- 
icant advantage (P<0.01) for the combined tenoxicam 
groups compared with the placebo group, with no 
significant difference between groups T20 and T40. 
There was no significant difference in pain on talking 


Table3 Median (1st to 3rd quartile range) visual analogue scores 
(mam) for pain at rest by day for patients receiving placebo (group 
PG) or tenoxicam 20 mg (group T20) and 40 mg (group T40). On 
the day of surgery, pain scores were assessed immediately after 
operation (day 0) and at 18:00 (day 0a) 


PG T20 T40 
group group group 
Day -1 0 (0,0) 0 (0, 0) 0 (0, 0) 
Day 0 43 (24, 55) 29 (8, 50) 33 (20,49) 
Day 0a 53 (29, 64) 34 (20, 52) 25 (15,46) 
Day 1 35 (21, 48) 16 (4, 27) 20 (6, 36) 
Day 2 31 (11,48) 7 (2,20) 10 (3, 33) 
Day 3 20 (5, 40) 6 (0,21) 7 (2,36) 
Day4 17 (2,30) 3 (0, 19) 10 (2,29) 
Day 5 7 (1,22) 6 (0, 19) 6 (1,21) 
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Figure 1 Area under the curve (mm days) for pain at rest visual 
analogue scales over days 0-5 by dose of tenoxicam (combined 
scattergram and box and whisker plots, where boxes enclose lst to 
3rd quartiles, whiskers are the highest and lowest values apart 
from outside values, and notches represent the median and 95% 
confidence intervals). 
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Figure2 Total Panadeine consumption in tablets over days 0-5 
by dose of tenoxicam (combined scattergram and box and whisker 
plots, where boxes enclose 1st to 3rd quartiles, whiskers are the 
highest and lowest values apart from outside values, and notches 
represent the median and 95% confidence intervals). 


for any measurement, although the trends were gener- 
ally in the direction of the significant findings. 

Mean haemoglobin concentration decreased for 
the three groups combined, from 143 (sp 13) g litre” 
before operation to 136 (13) g litre’, 1 week after 
operation (P<0.01), but there was no significant dif- 
ference between groups. The greatest decrease (from 
177 to 156 g litre’) occurred in a patient who 
received placebo. Creatinine concentrations showed 
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no significant change over time and no difference 
between groups. The greatest individual increase 
(0.03 pmol litre”) was in a patient who received 
placebo. Systolic arterial pressure, heart rate and 
ventilatory frequency did not change significantly 
after operation and there was no significant differ- 
ence between groups. 

Thirty-eight patients reported a total of 63 adverse 
events, but no patient had to discontinue treatment 
because of an adverse effect, no adverse effect per- 
sisted beyond 2 days and no significant differences 
between groups were found (table 4). 

Seventy-eight patients rated the experience of tak- 
ing part in the study as “very positive” or “positive”; 
11 considered it “neutral”. 


Discussion 


Patients who received tenoxicam experienced signifi- 
cantly less pain at rest and less disturbance of sleep 
over the 5 days from the day of surgery than those 
who received placebo, even though they used signifi- 
cantly fewer Panadeine tablets. 

In the tenoxicam groups, patients were heavier, and 
there was a greater proportion of males and patients 
who used nefopam. Heavier patients would be 
expected to have lower plasma concentrations of 
paracetamol and tenoxicam, and therefore the imbal- 
ance in weight seems unlikely to account for our find- 
ings. Our males reported slightly higher pain scores 
overall than females (ns), but this also unlikely to have 
confounded our results. It is also unlikely that a single 
dose of the short-acting analgesic nefopam would have 
had much impact on data amalgamated over 5 days. 


Table 4 Adverse events by study group, expressed as number of patients experiencing the event (n) and 
as a percentage (%) of patients ın the group, with 95% confidence intervals. Note that the upper 95% 
confidence limit for those adverse events not actually seen ın any given group is 10%, and therefore there 
is no significant difference between groups for any of these factors. *The three patents who bled more 
than expected did so on day 0. One patient in the T40 group was graded severe, the other two mild. A 
surgical cause was identrfied in each and none was attributed to the study medication by the surgeon. 
**The column totals exceed the number of patients and differ from the total number of incidents because 
some patients reported more than one incident; in particular, most who vomited also reported nausea. 
For the same reason, it is not possible to report total number of incidents as a percentage with confidence 
intervals because there is no denominator. ***In no patient was the severity sufficient to warrant 


disconnnuation of the medication 





Placebo group T20 group T40 group 
(n=29) (n=30) (n=30) 
n % n % n % 
GI: 
Vomiting 8 28 (13,47) 4 13 (4,31) 7 23 (10,42) 
Nausea without vomiting 6 21 (8,40) 30 = 10 (2,27) 3 10 (2,27) 
Stomatitis 1 3 (0, 18) 0 1 3 (0,18) 
Constipation 0 1 3 (0,18) 
Bleeding* 0 1 3 (0,18) 2 7 (1,22) 
Autonomic nervous system 
Sweating 0 0 1 3 (0,18) 
Central nervous system 
Headaches 
Sedation 1 3 (0, 18) 1 3 (0,18) 4 13 (4,31) 
Skin: 
Pruritus 1 3 (0, 18) 0 “0 
No. of patients reporting incidents** 16 53 (34,72) 8 27 (12,46) 14 48 (29,67) 
Total number of f 
Incidents reported** 23 11 27 
Incidents “possibly” or 
“probably” related to 
medication 7 0 7 
Incidents rated as at least 
“moderately” severe*** 15 4 14 


Tenoxicam after oral surgery 


We did not attempt to measure tissue swelling” 
because this would have necessitated repeated clinic 
visits and because our primary interest was pain 
relief. We were surprised at the lack of an effect on 
pain while talking. The principle that pain should be 
measured during activity and at rest is well estab- 
lished, but it is not quite so obvious what the specific 
activity should be in the case of oral surgery; perhaps 
eating would be more relevant. 

A loading dose of tenoxicam is pharmacokinetically 
rational,” ” and therefore we were surprised to find 
no significant difference between the 20-mg and 40- 
mg doses. Heinaro, Klami and Vaaja also found essen- 
tially similar efficacy between 20 mg and 40 mg, ina 
single oral dose.” A dose of 20 mg daily for 3 days, in 
combination with freely available Panadeine, seems to 
be effective for pain after oral surgery and the number 
of patients needed to show a small additional benefit, 
if present, would be large. 

This study was not designed to examine the ques- 
tion of pre-emptive analgesia.” However, one surgeon 
routinely used local anaesthetic before extraction of 
teeth, and the other did not. As neither was comfort- 
able with modifying his standard practice we resorted 
to stratification by surgeon to take account of this fac- 
tor, thus incidentally permitting a comparison of the 
two approaches, albeit on neither a blinded nor a ran- 
domized basis. Pain scores were significantly lower in 
the local anaesthetic group at 1 h after surgery, when 
the local anaesthetic was presumably still effective. 
However, there was no difference in any other out- 
come variable examined. Even by 18:00 on the day of 
surgery, no benefit was discernible, and the retrospec- 
tive assessment of pain for the whole of the first day 
was not different between groups. 

It seems reasonable to conclude that our patients 
tolerated tenoxicam well in either regimen. No 
patient discontinued the medication before complet- 
ing the study, and no patient complained of gastric 
discomfort; thus the upper 95% confidence limit of 
the incidence of this symptom with our regimen of 
tenoxicam was no higher than 5%.” The lack of a dif- 
ference between groups in the incidence of nausea 
and vomiting is consistent with previous studies of 
perioperative NSAID.'” 

Safety is a different issue from the tolerability of a 
given regimen. A large prospective study is needed to 
quantify accurately the incidence of serious adverse 
events associated with perioperative NSAID and 
even then the question of risk vs benefit would proba- 
bly remain a matter of opinion. The fact that there 
was no difference between groups for any adverse 
effect is consistent with many previous studies of 
perioperative NSAID,’ but analgesic studies (includ- 
ing ours) are typically too small to allow comment on 
uncommon side effects, or on modest differences in 
the incidences of relatively common side effects. It 
should also be noted that our patients were healthy 
young adults, carefully selected to have no contra- 
indications to NSAID, undergoing minor ambula- 
tory surgery and taking the NSAID with food, for 
only 3 consecutive days. The value of a medication is 
reduced if large numbers of patients are unable to 
take it because of contraindications. It is of interest, 
therefore, that in the group of patients screened for 
this study, only five of 143 were excluded for this 
reason. Nevertheless, there have been numerous case 
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reports of various side effects with NSAID and it is 
necessary to use them with care, particularly in the 
perioperative period.’ 

The analgesic efficacy of perioperative tenoxicam 
has been studied previously, in major and minor 
surgery. ^" We wanted to know not if tenoxicam was 
superior to placebo but if analgesia achieved by com- 
bining tenoxicam with paracetamol and codeine was 
superior to that of a paracetamol—codeine regimen 
alone. It is not clear from our data if Panadeine and 
tenoxicam had any synergistic effect, but it 1s clear 
that the addition of the NSAID provided better anal- 
gesia than could conveniently be achieved with a reg- 
imen of a paracetamol-codeine combination self- 
administered as needed, to a limit of two tablets 
4-hourly, with no NSAID and that this was associ- 
ated with less disturbance of sleep. We were surprised 
at how long tenoxicam continued to provide analge- 
sia (table 3) or, from a different perspective, how 
long significant pain persisted after oral surgery. 

It is possible that strict adherence to a regular regi- 
men of paracetamol (or Panadeine) might have pro- 
vided analgesia equal to or better than that achieved 
with the combination of Panadeine and tenoxicam. 
Anderson, Kanagasundarum and Woollard have 
recently shown a relationship between plasma para- 
cetamol concentrations and analgesic efficacy.” For 
single-dose applications this should facilitate much 
better analgesia with paracetamol than has often 
been achieved in the past, but the pharmacokinetics 
of paracetamol do not readily lend themselves to 
maintaining plasma concentrations continuously 
above the required threshold for several days; 
increasing the dose beyond a reasonable limit may 
increase the risk of hepatotoxicity.” Further, our pro- 
tocol reflects the clinical reality that most patients 
take simple analgesics on a self-titrated basis what- 
ever the prescription. There is probably little differ- 
ence between Panadeine (which contains only 8 mg 
of codeine per 500 mg of paracetamol) and pure 
paracetamol”; using more codeine on a repeated 
basis would probably increase the incidence of 
codeine-related side effects, and any analgesic gains 
would probably be slight.” 

This study involved some inconvenience to the par- 
ticipants, and we were gratified to record that most 
patients felt positive about partaking in the study. 

In summary, our data showed that tenoxicam pro- 
vided a simple and well tolerated method of improving 
analgesia achievable with patient-titrated Panadeine 
alone, for several days after oral surgery. It was not the 
purpose of this study to compare the efficacy of 
tenoxicam with other NSAID which have been stud- 
ied in a similar setting,” and our findings may well be 
true of most perioperative NSAID and for many dif- 
ferent types of surgery; they probably also apply 
equally to paracetamol without codeine. It would be 
useful to confirm the value of other such combinations 
and to identify optimal regimens for particular peri- 
operative models. Most importantly, there is a need for 
information from much larger studies on the incidence 
of serious side effects with perioperative NSAID.’ 
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Metabolism of remifentanil during liver transplantation 


V. U. NavAPURKAR, S. ARCHER, S. K. Gupta, K.T. MUR, N. FRAZER AND G. R. PARK 





Summary 

We have investigated the pharmacokinetics of 
remifentanil and its less potent metabolite, 
GR90291, in six adult patients undergoing ortho- 
topic liver transplantation (OLT). A single bolus 
infusion of remifentanil 10 ug kg’ min’ was 
givən at the beginning of the dissection and 
anhepatic phases of OLT. Remifentanil and 
GR90291 concentrations were measured in sub- 
sequent serial arterial and mixed venous blood 
samples. Mean arterial clearance of remifentanil 
was significantly greater (P=0.02) in the dissec- 
tion phase (79.54 ml min” kg") than in the 
anhepatic phase (39.57 ml min” kg"). Steady 
state volumes of distribution were not signifi- 
cantly different. Clearance of remifentanil during 
the anhepatic phase was similar to that of 
healthy adult patients. Mean maximum concen- 
tration (C,max) of GR90291 was lower in the dis- 
section phase than in the anhepatic phase 
(P=0.026). There was no significant pulmonary 
metabolism of remifentanil. (Br J. Anaesth. 
1998; 81: 881-886) 


Keywords: liver, transplantation; lung, metabolism; pharmaco- 
kinetics, remifentanil, analgesics opioid, remifentanil 


The demand for shorter acting, potent analgesic 
drugs led to the development of the phenylpiperidine 
group of opioids, such as fentanyl, alfentanil and 
sufentanil. These drugs are dependent on hepatic 
and renal function for their elimination and therefore 
accumulation and prolonged action are potential 
problems in the presence of significant hepatic or 
renal dysfunction. 

Remifentanil, a new and potent phenylpiperidine 
opioid, is the hydrochloride salt of 3-[4-methoxycar- 
bonyl-4-[(1-oxopropyl)phenylamino]-1-piperidine] 
propanoic acid (C,,H,,N,O*HCL). Unlike the other 
members of this group, it has an ester linkage which 
renders it susceptible to ester hydrolysis by blood and 
tissue esterases. This gives it an “ultra-short” dura- 
tion of action and makes its elimination independent 
of hepatic or renal function. The principle route of 
metabolism is by ester hydrolysis to a carboxylic acid 
metabolite, GR90291, which 1s excreted by the kid- 
neys. The mean half-life of GR90291 is 88-134 min 
in humans’ but it has only 1/4600 the potency of the 
parent compound in animal models. These proper- 
ties may reduce the risks of unwanted effects, such as 
postoperative ventilatory depression, and accumu- 
lation of the drug in patients with hepatic or renal 
disease may also be less. Remifentanil is also metabo- 


lized by N-dealkylation to GI94219 but this is not a 
significant metabolic pathway in humans and there- 
fore plasma concentrations of this metabolite were 
not measured in this study.’ 

The liver is the major organ of drug metabolism, 
and OLT provides a unique opportunity to deter- 
mine if a drug is metabolized in other sites. Liver 
transplantation can be divided into three phases: the 
dissection phase (from the start of surgery to clamp- 
ing of the hepatic blood supply and venous 
drainage); anhepatic phase (from clamping of the 
vascular supply to release of the portal vein clamp) 
and the reperfusion phase (which starts when the 
portal vein is unclamped). It is during the anhepatic 
phase that extrahepatic metabolism may be studied. 
We have used this model before to determine if there 
is any extrahepatic metabolism of midazolam, dopex- 
amine or propofol.”* Others have used it to study the 
metabolism of cyclosporin.” 

In this study, we have compared the pharmacoki- 
netic profiles of remifentanil after a single bolus infu- 
sion dose during the dissection and anhepatic phases 
of liver transplantation to investigate extrahepatic 
metabolism and to determine if the drug is metabo- 
lized or sequestered in the lungs. 


Patients and methods 


After obtaining approval from the Local Ethics 
Committee and informed consent, we conducted an 
open label, single dose, pharmacokinetic study in six 
patients undergoing OLT. Patients were aged 18—60 yr 
and were free from clinically significant cardiac, 
renal, pulmonary, neurological or psychiatric disease. 
All females were postmenopausal. Subjects were 
excluded if there was a positive test for hepatitis B or 
C; if they were 25% outside their ideal weight; if they 
were ASA V; and if there was a personal or family his- 
tory of pseudocholinesterase deficiency or adverse 
reactions to opioids. Patients who had received an 
anaesthetic or any parenteral opioid in the previous 
week or had participated in a study in the preceding 
4 months were also excluded. In all patients the Pugh 
score’ was calculated. This is a widely used score 
which classifies patients with liver disease into risk 
groups for surgery. 

All patients were anaesthetized and monitored 
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according to the normal practice of our institution.‘ 
Four patients received temazepam 20 mg alone for 
premedication, one received temazepam 20 mg and 
ranitidine 150 mg and one received diazepam 5 mg. 
Anaesthesia was induced in four patients with 
thiopental (thiopentone) and midazolam and in the 
remaining two patients with thiopental alone. Four 
patients were given atracurium and two pancuronium 
for neuromuscular block and all underwent mechani- 
cal ventilation using an air-oxygen-isofiurane mixture 
except for one patient who received trichloroethylene 
instead of isoflurane. Fentanyl was used for intraoper- 
ative analgesia in all patients. We chose to measure 
the volume of fluids given as replacement as a better 
estimate of blood loss. This is because measurement 
of blood loss by weighing of swabs and measurement 
of suction losses is inaccurate. 

To avoid interference with patient monitoring, a 
separate radial arterial cannula was used for blood 
sampling. After surgery patients were admitted to the 
intensive care unit and normal treatment continued. 
At the beginning of the dissection and anhepatic 
phases of the operation, patients were given a periph- 
eral i.v. infusion of remifentanil 10 ug kg” over 1 min. 
Samples of arterial blood (6 ml) were collected in 
both phases for measurement of remifentanil and 
GR90291 concentrations. Blood was sampled before 
the dose of remifentanil, at the end of infusion (1 min) 
and at 3, 5, 7, 10, 15, 20, 25, 30, 40, 50 and 60 min 
thereafter. Samples of mixed venous blood (6 ml) 
were also collected before dosing and at 3, 5, 10, 20 and 
30 min after infusion. These samples were obtained 
from the pulmonary artery via the pulmonary artery 
catheter, the position of which was confirmed by pres- 
sure measurements and waveform analysis. 

In vitro hydrolysis of remifentanil in whole blood 
was assessed from a 30-ml sample obtained from 
each patient immediately before surgery. Remifentanil 
2 pg was added to 20 ml of blood maintained at 
37 °C. Aliquots (1 ml) were removed at 0.5, 1, 2, 4, 
6, 8, 16 and 24 h to assay remifentanil concentration. 
The first-order decay constant was estimated by log- 
linear regression. 


ASSAY METHODS 


In order to prevent continued metabolic degradation of 
remifentanil after sample collection, special processing 
was necessary. The process consisted of immediate 
arrest of esterase activity in the blood sample by adding 
acetonitrile. Remifentanil was then extracted by adding 
methylene chloride to the blood—acetonitrile mixture. 
The organic phase was then separated and stored at 
—70 °C until the time of assay. 

Samples were analysed for remifentanil and 
GR90291 using validated gas chromatographic mass 
spectrometry assay methods.’ * The lower limits of 
quantification for remifentanil and GR90291 were 
0.1 and 0.5 ng ml", respectively. Inter-assay coeffi- 
cients of variation for remifentanil and GR90291 
were <9.3% or 56.4%, respectively. 


PHARMACOKINETIC ANALYSIS 


Radial arterial blood concentration-time data 
obtained after a 1-min i.v. infusion of remifentanil 
during the dissection and anhepatic phases of liver 
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transplantation were analysed by both compartmen- 
tal (model-dependent) and non-compartmental 
(model-independent) methods. Compartmental data 
analysis involved fitting the blood concentration— 
time data for each phase to a two-compartment 
model with a zero-order input rate using the non- 
linear least squares regression analysis program 
PCNONLIN.’ A weighting scheme of 1/C’ predicted 
was used. The adequacy of the model selection for 
further data analysis was based on the following 
criteria: (a) visual inspection of the residual plots, (b) 
magnitude of the standard error of the parameter 
estimates and (c) Akaike’s information criteria.” 
Total body clearance (Clart), steady state volume of 
distribution (V",art), volume of distribution of the 
central compartment (V,), inter-compartment rate 
constants (K,, and K,,), elimination rate constant 
(K,,) and the distribution and elimination half-lives 
(T nA, and T pà) were estimated. 

Peak remifentanil concentration (C,max) was the 
highest observed concentration, and time to peak con- 
centration (tC pmax) was the time at which C,max 
occurred. Total body clearance (Clart; litre min“) was 
determined by dividing the total administered dose by 
the area under the blood remifentanil concentration- 
time curve (AUC) from time zero to infinity. AUC to 
the last sampling time (dast) was calculated according 
to the linear trapezoidal rule and the extrapolated area 
by dividing the value for the last concentration (C,last) 
by the terminal rate constant (Az) of the concentra- 
tion-time curve (0.006). The terminal rate constant 
was obtained from the compartmental analysis. The 
area under the first moment curve (AUMC) was esti- 
mated by the linear time—product trapezoidal rule, 
extrapolated to infinity by dastxC,last/Az+C,last/Az’. 
The mean residence time after i.v. infusion (MRTinf) 
was calculated by dividing AUMC by AUC. Mean resi- 
dence time (MRT) was determined by subtracting the 
mean infusion time from the MRTinf value. For a 
zero-order infusion, the mean infusion time is half of 
the total infusion time (i.e. 1 min/2=0.5 min for this 
study). The steady state volume of distribution (V*, art) 
was determined as the product of Clart and MRT. 

Model-dependent arterial parameter estimates 
(Clart, V, and V“, art) for both phases were compared 
using a paired t test (SAS PROC TTEST). Similarly, 
model-independent venous parameters (Civen and 
V™,ven) for both phases were compared. P values are 
presented in the text. 

Lung extraction ratio (ERlung) was calculated 
from arterial (C,art) and venous (C,ven) remifentanil 
concentrations at fixed times in each phase: 
ERlung=(C,art—C,ven)/C,art. 

Model-independent measurements of arterial 
GR90291 were made, but no analysis of venous 
GR90291 could be performed as venous samples 
were collected for only 30 min. Model-dependent 
parameter estimates of arterial remifentanil (Clart, 
V, art and V™, art) for both phases were compared 
using a paired t test (SAS V6.08)."’ Model-indepen- 
dent parameter estimates of arterial GR90291 for 
both phases were compared using an unpaired t test. 


Results 


A summary of the diagnoses, patient characteristics, 
normal therapy on inclusion and surgical status of 
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the patients is shown in table 1. Time from adminis- 
tration of the first dose of remifentanil (during the 
dissection phase) to administration of the second 
dose (during the anhepatic phase) was 2—4 h. There 
was no residual remifentanil concentration at the 
time the second dose was administered; however, 
mean residual GR90291 at the time of the second 
dose was 4.42 (sp 3.04) ng mI” (range 0.72-8.46 ng 
ml"). The blood remifentanil concentration—time 
profiles of the six patients during both phases were 
characterized by a two-compartment model. Figure 1 
shows the blood remifentanil concentration vs time 
profile of patient No. 1 and the theoretical curve gen- 
erated from the PCNONLIN-estimated parameters. 

Individual pharmacokinetic variables of arterial 
remifentanil are presented in table 2. These describe 
remifentanil as a drug with a rapid distribution phase 
(mean T,,A, for the dissection phase, 2.32 min and 
mean T,,A, for the anhepatic phase, 2.39 min), 
followed by a rapid elimination phase (mean TA, 
for the dissection phase, 10.49 min and mean T „A, 
for the anhepatic phase, 9.96 min). The mean distrib- 
ution and elimination half-lives were similar in both 
phases and consistent with expected values. 
Although there was a trend towards a greater volume 
of distribution (V,) and steady state volume of distri- 
bution (V™) in the dissection phase than in the 
anhepatic phase, there was no significant difference 
between the two phases. Clearance of remifentanil, 
however, was significantly greater (P=0.02) in the 
dissection phase (79.54 ml min` kg”) than in the 
anhepatic phase (39.57 ml min“ kg’). 

Mean maximum concentrations (C,max) of arter- 
ial GR90291 were significantly lower (P=0.026) in 
the dissection phase than in the anhepatic phase 
(table 3) despite the greater clearance of remifentanil 
in the dissection phase. We assumed a 2-h terminal 
elimination half-life for GR90291' as it is eliminated 
largely unchanged in the urine and is therefore inde- 
pendent of hepatic function. 

The AUC (corrected) for the anhepatic phase was 
approximately twice the mean AUC for the dissec- 
tion phase, a finding similar to that for the remifen- 
tanil AUC data. 

Individual and mean values for the extraction 
ratios of remifentanil by the lung are shown in table 4 
and were similar in both phases of the operation. 

The mean tm vitro half-life of remifentanil was 1.8 h. 
There was no significant relationship (P>0.05) 
between in vitro hydrolysis rate of remifentanil and 


883 





Anhepatic phase 







ay 
o 


Jail 


Arterial remifentanil (ng mr’) 


Dissection phase 








Time (min) 


Figure 1 Arterial blood concentranon-time profile of 
remifentanil for patent No. 1 during the hepatic and anhepatic 
phases. The symbols are actual data and the solid hne 1s the 
predicted line. 


anhepatic arterial clearance. Fluid losses and 
replacement differed between the dissection and 
anhepatic phases (tables 5 and 6). Significantly more 
fluid was given to patients during the dissection 
phase (P<0.02). 

No pharmacokinetic analysis of GR90291 in 
venous samples was possible because the limited 
sampling time did not permit a meaningful charac- 
terization of the pharmacokinetics of this compound 
in venous blood. 


Discussion 


In this study we have evaluated the pharmacokinetics 
of remifentanil in the presence and absence of a liver. 
Model-dependent and model-independent analyses 
were possible and conducted for remifentanil. 
Clearance was determined by model-independent 
methods and was essentially the same as that deter- 
mined from the model-dependent analysis. A model- 
dependent analysis for GR90291 would need 
knowledge of the exact fraction of remifentanil 
metabolized by this pathway in each patient and a 
more complete characterization of the elimination 
phase of this metabolite. The pharmacokinetics of 
remifentanil during the dissection phase, when blood 


Table 1 Patient characteristics for the six patients given remifentanil during liver transplantation 


Patent Age 

No. Sex (yr) Diagnosis 

1 M 43 Sclerosing cholangitis 

2 F 59 Primary biltary cirrhosis 

3 F 55 Primary sclerosing cholangins 
4 M 47 Cryptogenic cirrhosis 

5 F 41 Primary biliary cirrhosis 

6 M 31 Hepanc carcinoma 


Pugh ASA Prothrombin 
score status tume (s) Usual drug therapy 
10 W 22 Ursodeoxycholic acid, propanolol 
8 wm 14 Propanolol, cameudine, 
phenobarbital, ursodeoxycholic 
acid, Prempac 
10 wW 19.5 Ursodeoxycholic acid, 
ciprofloxacin, demeclocycline 
12 Mm 22 Omeprazole, iron sulphate, 
spironolactone, allopurinol, 
lactulose 
8 I 16 Ursodeoxycholic acid, iron 
sulphate, spironolactone, 
Prempac, chlorpheniramine, 
temazepam. 
5 m 128 Nil 
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Table 2 Individual arterial pharmacokinetic parameters of remifentanil during the hepatic and anhepatic phases. Total body clearance 
(Chart), steady state volume of distribution (V™, art), volume of distribution of the central compartment (V,), inter-compartment rate 
constants (K,, and K,,), elmination rate constant (K,,) and the distribution and elimination half-lives (Tj, T,4,) and area under the curve 


are shown. 1/F^2 = 1/C’ predicted 








Patient No. Harmonic 

Parameter 1 2 3 4 5 6 Mean sD CV% Median mean 
Be ne Se ar a ac San i Re a a a U a 
Dissection phase 
Body wt. (kg) 72.5 54.8 55.1 88.2 43.8 85.7 66.68 18.21 27 63.80 e 
Dose (ug mm”) 725 548 551 882 438 857 667 182.1 27 638 = 
K, (litre min”) 0.21 016 O24 0.17 0.12 0.41 0.22 0.10 47 0.19 _ 
K, (litre min”) 0.11 0.01 0.22 0.05 0.05 0.35 0.13 0.13 98 008 — 
K, Gitre min”) 0.13 0.06 0.22 0.14 0.06 0.21 0.14 0.07 51 0.14 _ 
T,A, (min) 1.82 3.94 1.16 2.56 3.64 0.80 2.32 1.29 56 2.19 1.68 
T,A, (min) 9.67 13.09 7.69 7.80 17.53 7.13 10.49 4.08 39 8.74 9.44 
AUC (ng min mI") 164.61 103.90 84.28 205.10 99.30 191.10 141.38 51.98 37 134.26 — 
V, art (ml kg") 289 610 476 291 863 129 443 265 60 384 _ 
y~“, art (ml kg") 538 736 967 388 1512 347 748 440 59 637 — 
Clart (ml min` kg’) 60.7 96.2 118.7 48.8 100.7 52.3 79.54 29.34 37 78.43 — 
R 0.992 0.994 0.999 0.997 0.979 0.999 0.993 — — 0.996 — 
Weighting factor 1/F*2 1/F*2 1/F*2 1/F^2 1/F^2 1/F^2 — — — =l l 
Anhepatic phase 
Ko (litre min”) 0.25 0.12 0.14 0.19 0.21 0.11 0.17 0 06 33 0.17 — 
Ka (litre min”) 0.6 0.03 0.05 0.07 0.34 0.03 0.19 0.23 126 0.06 — 
K, (litre min 5 0.36 0.09 0.14 0.09 0.32 0.1 0.18 0.12 67 0.12 — 
Tja min) 0.61 3.66 2.74 2.39 0.89 4.06 2.39 1.41 59 2:51 1.48 
T,A, (min) 8.63 11.5 9.04 11.4 8.15 11 9.96 1.51 15 10.04 976 
AUC (ng min` ml") 389.7 252.1 212.9 467.9 143.6 293.5 293.28 118.62 40 272.80 — 
Vp art (ml kg”) 101 321 339 111 336 318 255 115 45 319 -l 
y~“, art (ml kg”) 271 440 463 193 691 401 410 173 42 421 — 
Chart (ml mn” kg") 25.7 39.6 47 21.4 69.6 34.1 39.57 17.39 44 36.84 —_ 
R 0.996 0.997 1.000 0.991 1.000 0.999 0.997 — — 0.998 — 

V/F*2 1/F42 ss 1/F 42 1/F*2 1/F^2 — — — — >i 


Weighting factor V/F 


Table 3 Individual arterial pharmacokinetic parameters of GR90291 during the dissection and anhepatic phases. Time to maximum 
remifentanil concentration (tC,max), maximum concentration (C,max), area under the curve (AUC),. Remifentani concentration value for 
the last concentration (C,last) and remifentanil concentration at the beginning of the anhepatic phase (Cp) at different times are shown. 
*AUCresidual = Co/lz; "AUCcorrected = AUCtotal-AUCresidual. *Significant (P=0.026) : 


Patient No. 
Parameters 1 2 3 4 
tC max (min) 30.00 24.00 25.00 40.00 
C,max (ng mI’) 13.40 12.60 18.10 19.00 
AUClast (ng min mI”) 641 566 827 808 
C,last (ng ml") 109 9.31 14.0 11.4 
AUCtinf (ng min mI") 1887 1612 2424 1974 
AUCtotal (ng min mI") 2529 2178 3251 2782 
Anhepanuc Phase 
Tmax (min) 39 51 40 30 
Cmax (ng mI’) 22.10 16.40 26.40 45.00 
AUClast (ng min ml‘) 1006 7176 855 2286 
Clast (ng mI") 16.8 14.0 26.4 42.0 
AUCt-inf (ng min mI) 2909 2424 4571 7273 
AUCtotal (ng min mI’) 3915 3200 5427 9559 
Cp C, (ng ml") 0.716 288 7.09 5.35 
AUCresidual (ng min mI)" 124 499 1228 926 
AUCcorrected (ng min mI)’ 3791 2701 4199 8632 


loss, fluid replacement and haemodilution occur, 
were difficult to interpret. The apparent increased 
clearance reflected the reduced arterial concentra- 
tion during this phase. The lower blood concentra- 
tions were in turn attributed to loss of remifentanil as 
a result of haemorrhage and the effects of haemodilu- 
tion. This explanation is supported by the lower 
metabolite concentrations during the dissection 
phase. Indeed, these factors apply during the anhep- 
atic phase but to a lesser extent. However, the pres- 
ence of metabolite and the pharmacokinetic variables 
measured during the anhepatic phase showed that 


5 6 Mean sD CV% Median 
25.00 25.00 28.17 6.18 22 25.00 
16.90 12.10 15.35* 3.01 20 15.15 
802 584 705 120.9 17 722 
13.8 9.06 11.4 2.13 19 11.2 
2390 1569 1976 368.2 19 1931 
3192 2153 2681 480.0 18 2655 
30 25 35.83 9.41 26 34.50 
33.00 19.30 27.03* 10.55 39 24.25 
749 916 1098 589.4 54 886 
33.3 17.1 24.9 11.0 44 21.8 
5766 2961 4317 1913 44 3766 
6516 3877 5415 2362 44 4671 
8.46 2.00 4.42 3.04 69 © 4.12 
1465 346 765 527 69 713 
5051 3531 4651 2098 45 3995 


there was significant extrahepatic metabolism of 
remifentanil. 

One of the advantages of remifentanil is its rapid 
blood-brain equilibration T,„ and associated rapid 
onset of action. Glass and colleagues” described a 
blood:brain equilibration half-life of 1.3 min for 
remifentanil. The rapid distribution and elimination 
half-lives of remifentanil are associated with a rapid 
offset of action (by virtue of a very short context-sen- 
sitive half-time”). This rapid onset and offset of effect 
may allow fine control of analgesia with remifentanil. 
Westmozeland and colleagues’ and Hermann and 
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Table 4 f Individual and mean lung uptake of remifentanil after a single bolus infusion dose of remifentanil during the dissection and 
anhepatic phases of liver transplantation. The arterial and venous concentrations are shown (C,art and C,ven respectively) together with the 
extraction rato (ER). ERlung (lung extraction ratio) = (C,art - C,ven)/C,art 


















































Dissection phase Anhepatic phase 
Remufentanil (ng/ml) Remufentanil (ng/ml) 

Pauent Sampling ume Sampling time 
No. (min) Arterial (Cart) Venous (C,ven) ER (mun) Arterial (C,art) Venous (C,ven) ER 
1 2 19.29 19.1 0.01 2 34.71 33.4 0 04 
2 7 4.32 6.22 -0.44 7 19.69 14.97 0.24 
3 3 7.13 7.53 0.06 3 18.49 16.73 0.11 
4 3 22.3 19.04 0.15 3 42.58 45.53 —0.07 
5 3 6.88 7.22 -0.05 3 11.1 108 0 03 
6 3 14.99 16.51 -0.01 3 22.34 18.03 019 
Mean — 12.49 12.60 0.07 — 24.82 23 24 0.09 
SD — 7.43 6.23 0.20 — 11.61 13.36 0.11 
Table 5 Fluids admınıstered to sıx patients during the dissection and anhepatic phases of liver transplantation. Signrficant (P<0.02) 

Patient No. 

1 2 3 4 5 6 Mean (sD) 
Dissection phase (litre) 1.03 6.05 4.15 5.53 2.95 3.10 3.80° (1.8) 
Anhepatic phase (litre) 2.25 1.48 nil 0.80 0.20 1.10 0.97" (0.8) 
Table 6 Fluid losses in six patients during the dissection and anhepatic phases of lrver transplantation 

Patient No. 

1 2 3 4 5 6 Mean (sp) 
Dissection phase (litre) 4.63 2.19 0.40 2.65 0.87 1.31 2.01 (1.53) 
Anhepatic phase (litre) 1.96 1.56 1.87 3.71 1.76 2.25 2.19 (0.78) 





colleagues” described short terminal half-lives of 
10-21 min and 8.80.98 min, respectively, which are 
in keeping with the half-lives described in this study. 
Hermann and colleagues” also showed that the 
terminal elimination half-life of alfentanil was far 
greater (60.911.6 min). 

The properties suggested by such pharmacokinetic 
values have been supported by clinical evidence. 
Monk and colleagues“ showed significantly faster 
recovery characteristics (time to tracheal extubation 
and to follow commands and discharge from the 
recovery area) with remifentanil compared with 
alfentanil in patients undergoing radical prostatec- 
tomy. This finding was confirmed by Glass and 
colleagues” who also showed remifentanil to have an 
analgesic potency approximately 30 times greater 
than alfentanil. 

The pharmacokinetic and pharmacodynamic 
properties of remifentanil make it a potentially useful 
drug with distinct advantages over other 
phenylpiperidines when used as a single bolus dose 
or as an infusion. One of the main advantages is its 
theoretical independence from hepatic and renal 
metabolism. When these organs fail to function nor- 
mally, accumulation of sedative and analgesic drugs 
(some of which have active metabolites) can delay 
recovery from anaesthesia and illness. In this study 
we compared clearance of remifentanil in the pres- 
ence and absence of a liver and found it to be signifi- 
cantly higher during the dissection phase. However, 
despite the greater clearance in the dissection phase, 
C,max values of GR90291 were less than in the 
anhepatic phase, although the AUC ratio for both 
phases was similar. If the liver were to play a role in 


the elimination of remifentanil, metabolite concen- 
trations would be lower in the anhepatic phase. This 
was not observed. A possible explanation for the 
lower concentrations of GR90291 in the dissection 
phase is the greater blood loss and administration of 
larger quantities of fluid (see tables 5 and 6). This 
would have had a dilutional effect on both the drug 
and its metabolite. In future studies of this type, a 
control period before the dissection phase may yield 
useful information on drug kinetics in the absence of 
blood-fluid loss or haemodilution. 

Mean venous clearance values for the dissection 
and anhepatic phases were similar to those of arterial 
clearance, which suggests little or almost no pul- 
monary clearance of remifentanil. Uptake of 
remifentanil into the lung (as opposed to metabolism 
by the lung) would be detected as a positive extrac- 
tion across the pulmonary circulation initially and a 
negative extraction across the pulmonary circulation 
after distribution equilibrium with this tissue was 
reached. No such occurrence was detected from our 
data. If significant uptake were occurring, this should 
be detectable from the transpulmonary extraction 
ratio. The absence of pulmonary clearance has been 
confirmed by transpulmonary sampling of steady 
state remifentanil concentrations in coronary artery 
bypass graft procedure, before starting cardiopul- 
monary bypass." ” 

The im vitro half-life of remifentanil was signifi- 
cantly longer than the im vivo half-life, which suggests 
that the majority of remifentanil hydrolysis does not 
occur in the blood, but in the tissues, although it is 
uncertain if there are specific tissues in this group of 
patients which are responsible. 
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In summary, we have confirmed that remifentanil 
was metabolized by extrahepatic enzymes. 
Furthermore, it had a rapid distribution and elimina- 
tion half-life in patients undergoing orthotopic liver 
transplantation with values that were consistent with 
those found in healthy volunteers. Additionally, most 
of the hydrolysis of remifentanil probably occurred in 
the extravascular compartment but the lungs did not 
seem to play an important role in this process. 
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Continuous epidural infusion of ropivacaine for postoperative analgesia 
after major abdominal surgery: comparative study with i.v. PCA 


morphine 


C. JAYR, M. BEAUSSIER, U.GUSTAFSSON, Y. LETEURNIER, N. NATHAN, B. PLaup, G. TRAN, 


C. VARLET AND J. MARTY 


Summary 

We have compared the quality of three regimens 
of postoperative analgesia (continuous epidural 
administration of ropivacaine (Ropi. group), 
epidural ropivacaine and patient-controlled anal- 
gesia (PCA) with i.v. morphine (Ropi.+PCA group) 
and PCA morphine alone (PCA group)) during the 
first postoperative 24 h in a multicentre, random- 
ized, prospective study. Postoperative analgesia 
was studied in 130 patients after major abdomi- 
nal surgery performed under general anaesthe- 
sia. The ropivacaine groups received 20 ml of 
epidural bolus ropivacaine 2 mg mf’ via the 
epidural route at the end of surgery, followed by 
continuous infusion of 10 mi h' for 24 h. The 
Ropi.+PCA group also had access to i.v. PCA mor- 
phine 1 mg, with a 5-min lockout. The PCA group 
received morphine as the sole postoperative pain 
treatment. The two ropivacaine groups had lower 
pain scores (P<0.01) than the PCA group. 
Morphine consumption was higher in the PCA 
group (P<0.05) than in the two ropivacaine 
groups. The quality of pain relief was rated as 
good or excellent in 79-85% of patients in the 
three groups. The percentage of patients without 
motor block increased between 4 and 24 h from 
61% to 89% in the Ropi. group, and from 51% to 
71% in the Ropi.4PCA group. (Br J. Anaesth. 
1998; 81: 887-892). 


Keywords: analgesic techniques, epidural; analgesia, 
patient-controlled; anaesthetic local, ropivacaine; pain, post- 
operative; surgery, abdominal 


Continuous epidural infusion of a low concentration 
of local anaesthetic, alone or in combination with opi- 
oids, provides sustained profound analgesia with min- 
imal sedation after major surgical procedures. ° For 
example, postoperative epidural infusion of bupiva- 
caine is more effective than parenteral opioids, espe- 
cially during mobilization, and may reduce either 
postoperative morbidity or length of hospital stay.” 
However, toxic effects have been reported for epidural 
bupivacaine caused by excessive doses, low individual 
toxic thresholds or unrecognized intravascular injec- 
tions. *”° Therefore, it is important that the analgesia 
regimens do not expose patients to an increased risk 
of toxic or less serious adverse effects.*” 

A safer substitute may be ropivacaine. Ropivacaine 
is a new, long-acting local anaesthetic chemically 


homologous to bupivacaine and mepivacaine.” ” 


In addition, ropivacaine is in the form of the 
S-enantiomer, making it the first enantiomerically pure 
local anaesthetic. Preclinical studies showed that ropi- 
vacaine induced less central nervous system and car- 
diac toxicity than bupivacaine. *™'The same decreased 
toxicity has been reported for ropivacaine given i.v. in 
human volunteers.” Further, ropivacaine induces less 
motor block than bupivacaine.” *™ However, as yet 
few studies have evaluated the efficacy and safety of 
epidural ropivacaine (0.2%) on a large homogenous 
population after major abdominal surgery.” 

Therefore, we have conducted a multicentre, open, 
randomized study comparing three postoperative 
analgesia regimens: continuous epidural ropivacaine 
(Ropi. group), patient-controlled analgesia with i.v. 
morphine (PCA group) and a combination of 
epidural ropivacaine and PCA morphine (Ropi.+ 
PCA group) during the first 24 h after major abdom- 
inal surgery. 


Patients and methods 


After obtaining written informed consent and 
Institutional Ethics Committee approval, we studied 
141 patients from seven hospitals. Inclusion criteria 
were: patients undergoing cystectomy, radical 
abdominal hysterectomy with pelvic lymphadenec- 
tomy, colon resection or rectum amputation, aged 
18-75 yr, ASA I-III and weight 50-110 kg. Patients 
were excluded if they had contraindications to 
epidural analgesia or concomitant disease which 
would influence postoperative assessments. 
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Patients were premedicated with lorazepam. 
Randomization code envelopes were opened by the 
investigator immediately before preparation for 
anaesthesia. After the randomization code was 
broken, the patient number was written on all labels 
pertaining to the study drug. Surgery was performed 
before 12:00 under general anaesthesia (thiopental 
(thiopentone), fentanyl, neuromuscular blocking 
drugs, isoflurane, and nitrous oxide in oxygen). 
After surgery, patients were allocated to one of the 
following three groups according to the randomiza- 
tion. Ropi. group: 20-ml bolus dose of ropivacaine 
2 mg ml _ 40 mg) followed by continuous infusion of 
2 mg ml” at a rate of 10 ml h” (20 mg h`”). The infu- 
sion rate was then reduced when excessive block 
occurred; PCA group: 1 mg i.v. bolus doses of mor- 
phine via a PCA device with a 5-min lockout time 
and no background infusion; Ropi.tPCA group: 
epidural ropivacaine as in the Ropi. group plus PCA 
morphine as in the PCA group. 

The epidural catheter in the ropivacaine groups 
was inserted 4-5 cm (aimed cephalad) before induc- 
tion of general anaesthesia using a 16—-18-gauge 
needle at the appropriate interspace. A 3-ml test dose 
of 2% lidocaine (lignocaine) with epinephrine (adrena- 
line) was injected before surgery. In the PCA groups, 
a PCA device was connected (Abbott LifeCare PCA 
Infuser, Abbott Laboratories, North Chicago, IL, 
USA) and set to deliver 1-mg bolus doses of mor- 
phine with a 5-min lockout time. Morphine titration 
in the recovery room was via the PCA device after 
surgery. The amount of morphine used and number 
of demands were recorded. Additional 1-2 mg i.v. 
bolus doses of morphine were administered on 
request in all three groups. 

Wound pain was assessed at rest and on coughing 
using a 100-mm visual analogue scale (VAS, 
0 mm=no pain; 100 mm=worst pain imaginable) 
every hour from the end of surgery to 22:00 and 
thereafter every 2 h if the patient was awake. Spread 
of sensory block was determined by pinprick for loss 
and return of sensation, and motor block was 
assessed according to a modified Bromage scale 
(0O=no motor block; 1=inability to raise extended 
legs; 2=inability to flex knees; 3=inability to flex 
ankle joints). Block assessment was performed every 
2 h (except between 22:00 and 08:00) until return of 
normal sensation and motor function. Patients rated 
the quality of pain relief (excellent, good, intermedi- 
ate or poor) at 22:00 on the day of surgery, at 08:00 
on the following morning and 24 h after surgery. 
Arterial pressure, heart rate and body temperature 
were recorded every 2 h after surgery. 

Adverse events were recorded as follows: sponta- 
neously reported by the patient; observed by the 
research team or the ward personnel; and reported 
by the patient in response to open and active ques- 
tions. Haemoglobin arterial saturation (Sp,) less 
than 90% at any time during the study for 1 min was 
recorded as an adverse event. Hypotension and 
hypertension were defined as those PoI requir- 
ing specific treatment. 

Statistical analysis was performed using SAS soft- 
ware (version 6.08; SAS Institute, Cary, NC, USA). 
Patient characteristics and intraoperative data were 
compared using Student’s ¢ test for continuous vari- 
ables (normal distribution) and chi-square analysis 
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for category variables. All postoperative variables 
(except adverse events) were compared with the stra- 
tum adjusted Wilcoxon (mid) rank sum test adjusted 
for centre. The Wilcoxon test was accompanied by 
Bonferroni’s correction, No statistical analysis was 
performed on adverse events. Differences were con- 
sidered statistically significant at PSO.05. Results are 
expressed as mean (sD) or median (interquartile or 


range). 


Results 


Of the 141 patients enrolled, 130 patients were valid 
for analysis of efficacy data. Treatment for pain was 
discontinued in four patients because of adverse 
events: one patient (Ropi. group) had respiratory 
depression after 1.3 h and was reintubated; one 
patient (Ropi. group) had surgical complications 
after 2.5 h of infusion; and in two patients 
(Ropi.+PCA group and PCA group), haemorrhage 
occurred requiring further surgery. Seven patients 
were excluded from analysis because they did not 
receive any of the study drug: two patients withdrew 
their consent before surgery (Ropi. group and 
Ropi.+PCA group), three patients had technical fail- 
ures with the epidural catheter (one in the Ropi. 
group and two in the Ropi.+PCA group), one patient 
had dural puncture (Ropi. group) and one patient 
underwent another surgical procedure (PCA group). 
The three groups were similar in age, height, weight 
and ASA status, but there were more women in the 
PCA group. Duration of surgery was similar between 
groups (table 1). The amounts of fentanyl (approxi- 
mately 500 ug), blood loss (approximately 600 ml) 
and i.v. fluid requirements (approximately 4000 ml) 
during surgery were similar in the three groups. 

Times to commencement of epidural infusion— 
connection of PCA device were similar in all groups. 
The dose of epidural ropivacaine was similar in the 
ropivacaine groups. Median total morphine con- 
sumption was 3.5 mg in the Ropi. group, 19.0 mg in 
the Ropi.t+PCA group (P<0.05) and 51.2 mg in the 
PCA group (P<0.05 compared with the Ropi.+PCA 
group; P<0.01 compared with the Ropi. group). The 
median number of PCA demands was 21 for the 
Ropi.+PCA group whereas the corresponding value 
for the PCA group was 78 (table 2). 

Pain scores at rest and during coughing were lower 
in the two ropivacaine groups compared with the 
PCA group, a finding that was more pronounced dur- 
ing the early part of the postoperative period (figs 1, 
2). Pain scores in the ropivacaine groups were similar 
throughout. Median pain scores at rest over the 24-h 
postoperative period were 7-20 mm in the Ropi. 
group, 0-14 mm in the Ropi.+PCA group, and 13— 


Table 1 Patient characteristics and duration of surgery (mean (sD)) 


Group 

Ropi. Rop1.+PCA PCA 

(n=38) (n=46) (n=46) 
Age (yr) 57 (12) 59 (12) 56 (13) 
Height (cm) 166 (9) 166 (8) 169 (8) 
Weight (kg) 71 (12) 68 (14) 71 (12) 
Sex (M/F) 15/23 19/27 30/16 
ASA YAMI 20/18/0 22/21/3 23/22/1 
Duration of surgery (h) 3.7 (1.3) 3701 2) 3.6 (1.4) 
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Table 2 Details of postoperative analgesia over 24 h in the three groups: Ropi. group=epidural ropivacaine, RopitPCA group=epidural 
ropivacaine and i.v. PCA morphine, PCA group=i.v. PCA morphine only. Values are median (range). *P<0.05 compared with Ropi. group, 
**P<0.05 compared with the Ropi.+PCA group. For PCA attempts, only 44 patients in each group were recorded 





Group 
Ropi. Ropi.+PCA PCA 
(n=38) (n=46) n=46 
Epidural analgesia 
Epidural catheter insertion level T12-L1 L1-L2 
Time from end of surgery to start of epidural infusion (min) 30 (6-104) 30 (0-72) 
Epidural ropivacaine (mg) 510 (411-531) 508 (397-522) 
Ly. analgesia 
Time from end of surgery to connection to PCA (min) 84 (24-360) 84 (18-300 


Total PCA morphine (mg) 
PCA attempts (n) 

PCA accepted/demands 
Total i.v. morphine (mg) 








19 (0-112) 
21 (0-801) 
0.75 (0.14-1) 
19 (0-114)* 


41 (7 
78 (8-520)** 
0.61 (0.12—1)** 
51 (8-131)** 
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4 (0-46) 
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Figure 1 Pain scores at rest (VAS, 0-100 mm) during the 24-h postoperative period in patients treated with ropivacaine 


(Ropi.) (n=38), ropivacaine and PCA morphine (Ropi.+PCA) (n=45-46) or PCA morphine (PCA) (=46) (individual 
values and box plots (25th and 75th percentiles); median scores are joined). 
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Figure2 Pain scores during coughing (VAS, 0-100 mm) during the 24-h postoperative period in patients treated with 
ropivacaine (Ropi.) (n=38), ropivacaine and PCA morphine (Ropi.+PCA) (n=45-46) or PCA morphine (PCA) (n=46 


(individual values and box plots (25th and 75th percentiles); median scores are joined). 


44 mm in the PCA group. Median pain scores during 
coughing varied over time and were 19-51 mm in the 
Ropi. group, 9-35 mm in the Ropi.+PCA group and 
42-54 mm in the PCA group. Comparison of the area 
under the curve divided by time (AUC) for VAS dur- 
ing coughing and at rest over 0-24 h showed a statisti- 


cally significant lower AUC value for the two ropiva- 
caine groups (P<0.02). There was no significant dif- 
ference in AUC between the two ropivacaine groups. 
The quality of pain relief assessed at 22:00 on the 
day of surgery was rated as good or excellent in 84% 
and 87% of patients in the Ropi. and Ropi.+PCA 
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groups, respectively, compared with 64% in the PCA 
group (P<0.05). There were no significant difference 
between the groups at subsequent assessments. 

Upper and lower spread of sensory block was simi- 
lar in the two ropivacaine groups. Slight regression of 
the upper distribution was seen over time and was 
more pronounced in the Ropi. group (P<0.05) (fig. 3). 

Motor block was less intense in patients who 
received ropivacaine alone than in those who 
received ropivacaine with PCA morphine. Sixty-one 
percent of patients in the Ropi. group and 51% in the 
Ropi.+PCA group had no demonstrable motor block 
4 h after surgery. At 24 h the corresponding values 
were 89% and 71% (fig. 4). 

The most common adverse events during the 24-h 
postoperative period are shown in table 3. Nausea 
and peripheral oxygen desaturation (<90%) were 
similar in all groups. Hypotension occurred more 
often in the Ropi.+PCA group, whereas hyperten- 
sion was more common in the PCA group. 


Discussion 


We have demonstrated that epidural ropivacaine 
2 mg ml’ with or without PCA morphine provided 
more effective analgesia than PCA morphine alone, 
after major abdominal surgery. Addition of i.v. PCA 
morphine to epidural ropivacaine did not improve 
pain relief. Moreover, epidural ropivacaine reduced 
morphine consumption significantly compared with 


Table 3 Summary of the most common adverse events during the 
24-h postoperative period (number of patients). No statistical 
analysis was performed 





Group 

Ropi. Ropi.+PCA PCA 

(n=38) (n=46) (n=46) 
Nausea 16 17 13 
Sp, <90% 13 11 13 
Hypotension 9 18 2 
Vomiting 11 8 6 
Hypertension 2 4 11 


Ts] |e Ropi. group 


Ropi. + PCA group 


Max. sensory block lower and 
max. sensory block upper 
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Figure 3 Upper and lower spread of sensory block during the 24-h 
postoperative period in patients treated with ropivacaine (Ropi.) 
(n=38) or ropivacaine and PCA morphine (Ropi.+PCA) 
(n=45-—46) (median). 
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Figure 4 Motor block during the 24-h postoperative period. 
Modified Bromage scale (0O=no motor block; 1=inability to raise 
extended legs; 2=inability to flex knees; 3=inability to flex ankle 
joints). Cumulated frequency of patients in the ropivacaine group 
(Ropi.) (n=38) or ropivacaine and PCA morphine group 
(Ropi.+PCA) (7=45-46). 


PCA alone. All treatment modalities were well 
tolerated. 

With regard to pain relief, our results were compa- 
rable with other studies, and confirm that the quality 
of pain relief is superior with epidural analgesia using 
local anaesthetic compared with parenteral analgesia 
with opioids.” The combination of epidural local 
anaesthetics and opioids may improve pain relief and 
maintain sensory analgesia compared with epidural 
local anaesthetic alone.” *’ Few studies have shown 
that local anaesthetic alone is capable of providing 
efficient prolonged postoperative analgesia without 
causing serious adverse effects.” However, no syner- 
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gistic effect for pain relief was demonstrated when 
i.v. morphine was added to epidural ropivacaine in 
our study, except for regression of the sensory level of 
analgesia. In a previous study, co-administration of 
epidural bupivacaine with i.v. morphine restored the 
sensory level of analgesia and, unlike that observed in 
our study, enhanced the quality of analgesia.” 

Analgesia was not optimal in every patient in the 
ropivacaine groups. Suboptimal pain relief in some 
patients may be explained by inadequate doses of the 
analgesic, inadequate level of sensory block or 
catheter misplacement. Interestingly, patients in the 
Ropi.+PCA group who had easy access to supple- 
mentary morphine, consumed more opioid than 
those in the Ropi. group, suggesting that pain toler- 
ance depends on environment, but the higher mor- 
phine consumption in the Ropi.+PCA group could 
jeopardize the rate of recovery.’ However, PCA 
attempts were significantly less frequent in the 
Ropi.+PCA group than in the PCA group. Also, the 
delivery/demand ratio for the PCA device was higher 
in the Ropi.+PCA group than in the PCA group. The 
successful PCA attempts or the high PCA 
accepted/demands ratio were probably attributable 
to better quality of pain relief observed in the 
Ropi.t+PCA group during the first night. It has been 
shown previously that the ratio between successful 
delivery of morphine and requests is correlated 
inversely with the degree of pain reported by VAS.” 
The optimal combination of local anaesthetics and 
opioids providing optimal analgesia and minimal 
complications has yet to be identified. Moreover, the 
use of only local anaesthetic could help to avoid opi- 
oid-induced side effects and in this study, addition of 
iv. morphine did not improve pain relief. Several 
studies have investigated the use of continuous 
epidural infusions of ropivacaine as pain relief after 
either upper, lower or orthopaedic surgery.” Pain 
(either at rest or induced by coughing) becomes pro- 
portionally less severe as the dose of ropivacaine 
increases. Also, morphine consumption decreases as 
the dose of ropivacaine increases.” Scott and col- 
leagues concluded that for postoperative analgesia, 
an epidural infusion of 0.2% ropivacaine provided 
the best balance of analgesia with minimal motor 
block.” In our study, we only evaluated the effect of a 
single dose of epidural ropivacaine (0.2%) on a large 
homogenous population after major abdominal 
surgery (mean duration 3.6+1.3 h). 

Motor block, which is undesirable in a postopera- 
tive situation, becomes more intense as the dose of 
ropivacaine increases.” * **’ However, in a study 
using different concentrations (1, 2 and 3 mg mI’) of 
mid-low thoracic epidural ropivacaine after upper 
abdominal surgery, motor block was negligible (10% 
of patients with Bromage scores of 1 and 2).” In our 
study, a higher mcidence of motor block was 
observed with regression over time. The incidence of 
significant motor block was similar to that of a previ- 
ous study conducted under the same conditions.” A 
possible explanation for the higher intensity of motor 
block in the combined treatment group could be a 
synergistic effect on the central nervous system of 
ropivacaine combined with PCA morphine.” Studies 
of lumbar epidural block in humans have confirmed 
that equal volumes and concentrations of ropivacaine 
and bupivacaine produce a similar pattern of sensory 
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block but motor block is slower in onset, less intense 
and shorter in duration with ropivacaine.“”'” Large 
myelinated A fibres transmit motor impulses. The 
rate of block of A fibres depends on the physico- 
chemical properties of the drugs, high pKa and low 
lipid solubility favouring block of C fibres over A 
fibres.“ Ropivacaine is less likely to block A fibres 
than bupivacaine. This has been confirmed ın vitro.” 

The most frequently reported adverse event during 
the 24-h postoperative period was nausea, which 
occurred with a similar frequency in the three groups. 
Vomiting was slightly more common in patients 
treated with ropivacaine alone than in patients given 
PCA morphine. These events may have occurred 
because all patients received fentanyl during general 
anaesthesia and because the surgical procedure itself 
may also have contributed to the onset of these side 
effects. Hypotension was seen more frequently in 
patients given ropivacaine. The incidence of systemic 
hypotension in our Ropi. group (22%) was similar to 
that of our previous study and to that of others.” "*” In 
contrast, hypertension was observed more often in 
patients receiving PCA morphine alone. 

In summary, epidural ropivacaine administered as 
a continuous infusion of 2 mg ml‘ with or without 
i.v. PCA morphine gave superior postoperative pain 
relief both at rest and on coughing in patients under- 
going major abdominal surgery than PCA morphine 
alone. The benefit/risk ratio of potent postoperative 
analgesia treatment has to be evaluated constantly. 
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Epidural analgesia with bupivacaine does not improve splanchnic tissue 
perfusion after aortic reconstruction surgery} 


O. VAISANEN, I. PARVIAINEN, E. RUOKONEN, M. HirPELAINEN, E. BERG, H. HENDOLIN AND J. TAKALA 


Summary 

Inadequate splanchnic tissue perfusion is rela- 
tively common during and after aortic surgery. 
We hypothesized that vasodilatation caused by 
thoracic epidural analgesia improves splanchnic 
blood flow and tissue perfusion after aortic 
surgery. In this prospective, randomized, con- 
trolled study, we studied 20 patients undergoing 
elective aortic-femoral or aortic-iliac reconstruc- 
tion surgery. Gastric and sigmoid colon mucosal 
Pco, and pH were measured during surgery. An 
epidural bolus of bupivacaine 40 mg followed by 
infusion of 15 mg h` was started after operation 
in 10 patients. After operation, splanchnic blood 
flow and gastric and sigmoid colon mucosal Pco, 
and pH were measured before and 2 h after the 
start of epidural analgesia. During surgery, 
the gastric mucosal-arterial Pco, difference 
remained stable, whereas the sigmoid mucosal- 
arterial Pco, difference increased during aortic 
clamping but returned to pre-clamping values 
after declamping. After operation, epidural 
analgesia had no effect on gastric or sigmoid 
mucosal-arterial Pco, differences or on splanch- 
nic blood flow. (Br J. Anaesth. 1998; 81: 
893-898) 


Keywords: analgesic techniques, epidural; surgery, vascular; 
gastrointestinal tract, blood flow; anaesthetics local, bupiva- 
caine 


The incidence of bowel ischaemia diagnosed by sig- 
moideoscopy varies between 1.1 and 10% after 
reconstructive surgery of the abdominal aorta”: this 
is increased at least two-fold after aortic surgery for 
ruptured aortic aneurysm.’ Bowel ischaemia may 
result from interruption of the blood supply caused 
by surgery, reduced systemic blood flow, regional 
perfusion abnormalities or a combination of these. 
Gastric mucosal acidosis has been shown to be a 
sign of poor prognosis in critically ill patients‘ and is 
a predictor of poor outcome after aortic surgery for 
ruptured abdominal aortic aneurysm, suggesting that 
inadequate tissue perfusion is related to the develop- 
ment of organ dysfunction.” In aortic surgery, sig- 
moid colon mucosal tonometry may reveal ischaemia 
caused by decreased cardiac output and arterial pres- 
sure, in addition to ischaemia caused by local vascular 
occlusion. Several studies have shown that sigmoid 
mucosal acidosis in aortic surgery is associated with 
poor outcome.** In aortic surgery, low sigmoid 
mucosal pH is associated with high endotoxin con- 
centrations and remote organ dysfunction.’ 


Prevention of gastric mucosal acidosis has been 
suggested to improve prognosis in critically ill 
patients. Peri- and postoperative supranormal sys- 
temic oxygen delivery (Do,) has improved outcome 
in selected groups of high-risk surgical patients.” ™ 
Although increased systemic Do, may improve the 
perfusion of the gut, interventions to increase whole 
body blood flow may worsen the gastric mucosal 
acidosis.” * An attractive alternative to manipulate 
visceral perfusion is epidural block, which is used 
widely in postoperative pain management after aortic 
surgery. Sympathetic block after thoracic epidural 
anaesthesia should cause mesenteric vasodilatation 
and increase intestinal motility, and therefore may be 
beneficial for gut perfusion after aortic surgery.“ ” 

We hypothesized that epidural analgesia improves 
splanchnic blood flow and wussue perfusion after 
abdominal aortic surgery. To test this hypothesis, we 
measured the effect of epidural analgesia on splanch- 
nic blood flow and tissue perfusion after operation in 
patients undergoing elective aortic reconstructive 
surgery. 


Patients and methods 


The study was approved by the Hospital Ethics 
Committee and written informed consent was 
obtained from each patient. Gastric and sigmoid 
mucosal pH was monitored in the peri- and post- 
operative periods in 20 patients undergoing elective 
abdominal aortic surgery because of aorto-ihac 
occlusive disease or abdominal aortic aneurysm. 
There were no exclusion criteria. To test the effect of 
epidural analgesia on splanchnic blood flow, patients 
were allocated randomly to one of two groups: 10 
patients received postoperative epidural analgesia 
with bupivacaine after baseline measurement of 
hepatosplanchnic blood flow, and the remaining 10 
patients served as controls. Clinical data of the 
patients are shown in table 1. 

Before induction of general anaesthesia, an 
epidural catheter was inserted in each patient, except 
for one patient in the control group who received 
chronic anticoagulant therapy. The epidural 
cathether was used for postoperative analgesia in 
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these 19 patients after completion of the study. The 
epidural catheter was inserted at the T12-L1 inter- 
space using a standard loss of resistance technique 
and the catheter was inserted 5 cm inside the 
epidural space. A test dose of 50 mg of 1% lidocaine 
with epinephrine (adrenaline) 5 pg ml’ was injected 
through the catheter. General anaesthesia was 
induced with fentanyl 20 ug kg” and a mixture of 
alcuronium 0.125 mg kg’, pancuronium 0.075 mg kg” 
and midazolam 0.07 mg kg’. Anaesthesia was 
maintained with continuous infusion of fentanyl 
0.07 pg kg’ min”, alcuronium 1 pg kg’ min’ and 
midazolam 0.6 ug kg’ min’, and was supplemented 
with thiopental (thiopentone) and isoflurane. 
Monitoring included pulmonary artery catheterization 
and we aimed to maintain cardiac index >2.0 litre min” 
m” by infusing crystalloids, colloids and blood. None 
of the patients received inotropic agents. During the 
surgery, sodium nitroprusside was used to treat sys- 
temic hypertension when systolic arterial pressure 
exceeded 160 mm Hg, despite supplementation of 
anaesthesia with thiopental or isoflurane. After opera- 
tion, sodium nitroprusside was also used to treat hyper- 
tension when systolic arterial pressure exceeded 
160 mm Hg. The arterial pressure limit was defined by 
the surgeon in charge of the operation. One patient 
received nitroglycerine in the perioperative period for a 
short time because of ST-elevation in the ECG, but 
after operation there were no signs of myocardial injury 
and recovery was uneventful. The aorta was clamped 
above the renal arteries in one patient and below the 
renal arteries in the remaining 19 patients. Duration of 
aortic clamp was 94435 min. In three patients (two in 
the control group and one in the epidural group) the 
aorta was occluded only partially. No reimplantations 
of the inferior mesenteric artery were performed. 


TONOMETRY 


To assess mucosal perfusion, both gastric mucosal 
Pco, and pH, and sigmoid mucosal Pco, and pH were 
measured in the peri- and postoperative periods by 
gastric and sigmoid tonometers (Jonomitor, 
Tonometrics, Worcester, MA, USA). Equilibration 
time was 30 min during aortic clamping and 60-90 
min for other samples.“ Gastric and sigmoid 
mucosal pH was calculated using a modification of 
the Henderson—Hasselbach equation. Intramucosal— 
arterial Pco, difference was calculated as gastric/ 
sigmoid intramucosal Pco,— arterial Pco,, and art- 
erial-intramucosal pH difference as arterial pH- 
gastric/sigmoid intramucosal pH. Two patients in the 
epidural group and one patient in the control group 
received a H, receptor antagonist at induction of 
anaesthesia because of a previous history of gastric 
ulcer. In critically ill patients, the use of H, receptor 
antagonists has not been demonstrated to influence 
gastric mucosal pH values or to improve the repro- 
ducibility of determination of gastric mucosal pH.” * 
The gastric tonometer was inserted after induction of 
anaesthesia, and the correct position was verified by 
the surgeon. The sigmoid tonometer was inserted 
into the rectum and manipulated to the mid-sigmoid 
position at laparotomy. The correct position of the 
tonometers was confirmed again just before closure 
of the abdomen, and for the gastric tonometer also 
by chest x-ray obtained in the intensive care unit. 
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Systemic haemodynamic variables, arterial and 
mixed venous blood-gas tensions and oxygen satura- 
tion, and haemoglobin and plasma lactate concentra- 
tions were measured before induction of anaesthesia, 
before aortic occlusion, during aortic occlusion and 
at the end of surgery. Plasma lactate concentrations 
were measured enzymatically (Stat Plus 2300, Yellow 
Springs Instrument Co., OH, USA). Blood-gas ten- 
sions and Pco, from the tonometers were measured 
with the same blood-gas analyser (ABL 500 Blood Gas 
System, Radiometer A/S, Copenhagen, Denmark) and 
corrected for actual body temperature. Cardiac output 
was measured by thermodilution in triplicate using 
saline 10 mi at room temperature. During operation, 
systemic oxygen consumption (Vo,) was calculated 
according to Fick’s principle. Gastric and sigmoid 
mucosal Pco, and pH were measured before aortic 
occlusion, during occlusion (30 min after clamping the 
aorta) and at the end of operation. 

The study was performed in the intensive care unit 
where the patient’s lungs were ventilated using con- 
trolled mechanical ventilation (Servo 900C, Siemens 
AB, Solna, Sweden) with an of 0.4-0.5 and a 
PEEP of 5 cm H,O. Adequacy of sedation was con- 
firmed by careful bedside monitoring and, if neces- 
sary, bolus doses of thiopental or oxycodone chloride 
were given. The hepatic vein was cannulated via the 
right internal jugular vein, and the correct position 
verified with fluoroscopy using a small amount of 
contrast dye. After baseline measurement of splanch- 
nic blood flow, 10 patients in the epidural group 
received an epidural 40-mg bolus of 0.5% bupiva- 
caine followed by an infusion of 15 mg h”. In the con- 
trol patients, no epidural injection or infusion was 
given. In order to detect successful sympathetic block, 
mean arterial pressure was evaluated 50 min after the 
start of epidural analgesia (epidural: mean 90 (sp 12) 
vs 71 (9) mm Hg; control: 94 (15) vs 89 (12) mm Hg; 
P<0.05 between groups, two way analysis of variance 
for repeated measurements). Measurement of 
splanchnic blood flow was repeated 2 h after baseline 
measurements. During splanchnic blood flow mea- 
surement, systemic Vo, was measured continuously 
from the inspired and expired gases by open circuit 
indirect calorimetry (Deltatrac, Datex-Engstrém 
Corp., Helsinki, Finland). The device has been vali- 
dated in this laboratory and it has a relative error of 
less than 5% under the study conditions.” 

Splanchnic blood flow was measured using the dye 
dilution method, described previously.” In brief, 
after a priming dose of 12 mg of indocyanine green 
injected into a peripheral vein, a constant infusion of 
1.1 mg min” was continued for 30 min. Blood was 
sampled for measurement of indocyanine green con- 
centrations in arterial and hepatic venous blood after 
20, 25 and 30 min of infusion. In order to evaluate if 
steady state dye concentrations were achieved, the 
coefficient of variation was calculated for each indi- 
vidual during each blood flow measurement. 
Indocyanine green concentrations were in steady- 
state plateau, as indicated by a coefficient of variation 
of 2.8 + 2.1% in radial arterial blood and 4.0 + 3.0% 
in hepatic venous blood. Indocyanine green extrac- 
tion was 71.0 + 10.9% (range 41-89%). Within-sub- 
ject coefficient of variation for splanchnic blood flow, 
based on three consecutive blood samples of each 
measurement period, was 4.6 t 3.6%. 
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STATISTICAL ANALYSIS 


For sample size calculations, we assumed an sp of 0.2 
litre min” m° for splanchnic blood flow and 0.068 
for mucosal pH, and a within-subject coefficient of 
variation of 4% for splanchnic blood flow measure- 
ments based on our previous studies.”” Using a two- 
sided a of 0.05, this would allow us to detect a 
change of 0.18 litre min’ m° in splanchnic blood 
flow and 0.06 pH units in mucosal pH with 80% 
power with 10 evaluable patients per group. 

Friedman one-way analysis of variance was used to 
detect changes during surgery. If statistically signifi- 
cant changes were found, the Wilcoxon signed ranks 
test was used post hoc to locate the changes. The 
tonometry data were compared with preclamping 
values and haemodynamic data with preoperative 
values. The Bonferroni correction was used for multi- 
ple comparisons. Postoperative data were tested 
using two-way analysis of variance for repeated mea- 
surements. The values that failed the normality test 
were tested using the Kruskal-Wallis non-parametric 
test (sigmoid—arterial Pco, difference in the second 
blood flow measurement). Findings were considered 
significant if P<0.05. All results are presented as 
mean (SD), unless otherwise stated. 


Results 


Clinical data of the patients are presented in table 1. 
Three patients required intensive care for 2—4 days 
because of postoperative respiratory failure (two 
patients in the epidural and one patient in the control 
group) and two patients in the control group and one 
patient in the epidural group had postoperative 
wound infection. 

Peri- and postoperative haemodynamic and oxygen 
transport data are shown in tables 2 and 3. During 
surgery, the gastric—arterial Pco, difference and arter- 
ial~gastric pH-gap remained unchanged. In contrast, 
sigmoid—arterial Pco, difference and arterial-sigmoid 
pH gap increased after aortic occlusion but returned 
to preclamping values by the end of surgery (fig. 1). 

At baseline, in the intensive care unit, there were 
no differences between the epidural and control 
groups for haemodynamic variables, splanchnic 
blood flow or oxygen transport (tables 3, 4, fig. 2). 
Mean arterial pressure decreased in both groups 
after 2 h but there were no significant differences 
between groups (table 3). There were no differences 
in gastric—arterial or sigmoid—arterial Pco, differ- 
ences or arterial—gastric or arterial-sigmoid pH-gaps 
between the groups after operation (table 3). 

Hepatic venous oxygen saturation decreased and 
hepatic venous lactate and splanchnic oxygen extrac- 
tion increased, but there were no differences between 
the groups (table 4). Hepatic lactate uptake was 
higher in the epidural group. 

Six patients in the epidural group and nine 
patients in the control group received sodium nitro- 
prusside in the intensive care unit during splanchnic 
blood flow measurements and the infusion rate was 
maintained constant during the measurements. The 
need for sodium nitroprusside in the epidural group 
decreased during epidural analgesia (epidural: mean: 
1.2 (sp 1.8) (range 0-6.0) vs 0.3 (0.6) (0-1.6) ug kg” 
min“; control: 1.6 (1.7) (0—4.7) us 2.0 (2.3) (0-7.2) 


Hg kg” min”). 
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Table 1 Clinical data of the patients (mean (sp or range) or 
number) 
Epidural Control 
group group 
Sex (M/F) 9/1 1/3 
Age (yr) 65 61 
(54-76) (51-68) 
Diagnosis 
Aorto-ihac occlusive disease 5 8 
Abdominal aornc aneurysm 5 2 
Preoperative disease 
Coronary artery disease 3 6 
Myocardial infarction 2 1 
Pulmonary disease 0 2 
Hypertension 3 3 
Preoperative medication 
Beta-blockers 5 2 
Nitrates 1 4 
Ca blockers or ACE mhibitors 4 3 
Acetylsalicylic acid 6 5 
Type of surgery 
Aorto-femoral bypass 6 9 
Aorto-iliacal bypass 4 1 
Duration of aortic clamp (min) 101 (36) 87 (34) 
(54-166) (30-141) 
Inferior mesenteric artery occluded 
before operation 6 6 
Duration of intensrve care (days) 14(1 0) 110.3) 
(1-4) (1-2) 
Duration of hospital stay (days) 10 (4) 8 (2) 
(7-17) (6-13) 





Discussion 


The main finding of the study was that epidural anal- 
gesia after abdominal aortic reconstruction surgery 
did not improve splanchnic tissue perfusion, as 
assessed by mucosal tonometer and measurements of 
total hepatosplanchnic blood flow. Mucosal acidosis 
was uncommon and mucosal perfusion or metabo- 
lism was evidently not affected by epidural analgesia. 

There are few studies on the effect of epidural 
block on intestinal perfusion. Johansson and col- 
leagues concluded that during colorectal surgery, 
epidural bupivacaine had a favourable effect on 
intestinal blood flow measured by laser Doppler 
flowmetry.” Sutcliffe and colleagues found that peri- 
operative gastric mucosal acidosis was less common 
with epidural anaesthesia in a heterogeneous group 
of major surgery patients.” Because data on haemo- 
dynamics and volume status were not given, interpre- 
tation of this observation is difficult. Increased 
volume substitution because of hypotension induced 
by epidural anaesthesia may have prevented splanch- 
nic hypoperfusion caused by persistent hypo- 
volaemia.” Animal studies have demonstrated that 
the haemodynamic response is dependent on the 
spread of epidural block.“ Hogan and colleagues * ” 
showed that hypotension after lumbar epidural 
anaesthesia causes splanchnic vasoconstriction 
because of baroreceptor activation, while thoracic 
epidural anaesthesia blocks sympathetic activity, 
resulting in mesenteric vasodilatation. Hepatic arter- 
ial blood flow did not change in response to epidural 
anaesthesia in their animal model. It is conceivable 
that in humans also, volume status and hypotension 
may modify the response of blood flow distribution 
to epidural block. 

In our study, assessment of neural block was not 
feasible because of residual general anaesthesia. 
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Table 2 Systemic haemodynamic state and oxygen transport during surgery. * P<0.05 vs before induction; + P<0.05 vs before clamping 
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(Wilcoxon) (mean (sp)) 
Before Before 
induction clamping 
CI (litre mn“ m^ 2.9 (0.61) 2.3 (0.61)* 
MAP (mm Hg) 86 (15) 73 (11)* 
PCWP (mm Hg) 12 (4) 9 (4) 
Vo, Fick (ml min” m° 133 (29) 96 (24)* 
O, extraction 0.27 (0.04) 0.28 (0.06) 
Core temperature (°C) 36.5 (0.3) 35.5 (0.4)* 
Gastric—arterial PCO, 1.30 (0.65) 
difference (KPa) 
Sigmoid—arterial Pco, 2.67 (2.00) 
difference (kPa) 
Arterial-gastric pH-gap 0.09 (0.06) 
Arterial-sigmoid pH-gap 0.20 (0.12) 


Friedman one- 
30 min after End way ANOVA 
clamping surgery Pvalue 
2.0 (0.32)* 2.6 (0.38) 0.0000 
75 (8)* 83 (11) 0.0021 
9 (3) 10 (2) 0.3333 
83 (25)* 91 (12)* 0.0000 
0 29 (0.08) 0.24 (0.06) 0 0072 
35.5 (0.5)* 35.3 (0.8)* 0.0000 
1.48 (1.76) 1.08 (0.69) 0.0351 
5.22 (3.74)t 2.38 (2.22) 0.0004 
0.09 (0.10) 0.07 (0.05) 0.1653 
0 31 (0.17)t 0.16 (0.10)T 0.0003 





However, the acute reduction in mean arterial pres- 
sure in the epidural group and the reduced need for 
sodium nitroprusside suggests successful sympa- 
thetic block. The dose of bupivacaine used in our 
study was likely to produce and maintain at least par- 
tial thoracic sympathetic block.” Nydahl and col- 
leagues have shown that cephalad spread of epidural 
anaesthesia is more extensive in elderly patients than 
in the young.” In their study, 0.5% bupivacaine 20 ml 
injected at L2-3 into the epidural space caused anal- 
gesia to pinprick at and below T4. Recently, Visser 
and co-workers showed that low thoracic epidural 
block with lidocaine 60 mg injected at T7-9 spread 
7.7 + 1.8 segments upwards.” We cannot exclude the 
possibility that sympathetic block up to T5 was not 
achieved. Nevertheless, most of the-local anaesthetic 
should have spread into the area of the coeliac and 
superior and inferior mesenteric ganglions. 
Accordingly, insufficient sympathetic block is 
unlikely to explain the lack of changes in splanchnic 
blood flow and mucosal Pco, or pH. 

The peri- and postoperative changes in sigmoid 
mucosal pH during aortic surgery have been well 
described.°’”’ Sigmoid mucosal pH decreases after 
Table 3 Systemic haemodynamic state and oxygen transport after 
surgery (mean (sp)). * Group time interaction, P<0.05, two-way 
analysis of variance for repeated measurements; + time effect, 
P<0.05, two-way analysis of variance for repeated measurements 


Baseline 2 hours 
CI (litre min” m”*) Epidural 3.4 (0.8) 3.4 (0.8) 
Control 3.3 (0.7) 3.3 (0.8) 
MAP (mm Hg) Epidural 90 (12) 75 (10) 
Control 94 (15) 84 (10) 
PCWP (mm Hg) Epidural 9 (3) 10 (3) 
Control 9 (2) 7 (2)* 
HR (beat min”) Epidural 77 (19) 73 (15) 
Control 80 (15) 86 (15)* 
Vo, (mal min“ m*) Epidural 129 (24) 131 (21) 
Control 129 (30) 135 (21) 
O, extraction Epidural 0.26 (0.06) 0.27 (0.03) 


Control 0.25 (0.06) 0 28 (0.06)+ 
Core temperature (°C) Epidural 36.6(1.4) 37.3 (1.4) 
Control 36.0(1.0) 36.9 (1.2)¢ 
Gastric-arterial Pco, Epidural 1.30 (0.80) 1.36 (0.93) 
difference (kPa) Control 0.85 (0.61) 1.10 (0.51) 
Sigmoid-arterial Pco, Epidural 1.44 (0.73) 3.31 (5.43) 
difference (kPa) Control 2.61 (2.38) 2.25 (1.87) 
Arterial-gastric pH-gap Epidural 0.09 (0.06) 0.10 (0.07) 


Control 0.06 (0.05) 0.08 (0 04) 
Arterial-sigmoid pH-gap Epidural 0.12 (0.05) 0.19 (0 19) 
Control 0.18 (0.12) 0.17 (0.10) 


clamping and reaches its nadir of approximately 7.1 
at 4-6 h after clamping and returns to preoperative 
values by the first postoperative morning. 
Complications can be expected if sigmoid mucosal 
pH does not return to pre-clamping values in 6-12 h. 
A sigmoid mucosal pH persistently less than 7.1 has 
been proposed as an early warning of problems.’ 
Notably, multiple organ dysfunction syndrome 
(MODS) is the most common complication associ- 
ated with prolonged sigmoid mucosal acidosis after 
aortic surgery. In our study, except for clamping- 
induced changes at the sigmoid mucosa, any periop- 
erative changes in mucosal—arterial Pco, difference or 
arterial-gastric pH gap were related to changes in 
arterial Pco, or systemic acid—base balance. 

In contrast with sigmoid mucosal perfusion, gas- 
tric mucosal perfusion should not be affected by vas- 
cular occlusion related to aortic surgery, and it 
should better reflect the patient’s overall haemody- 
namic stete. Indeed, the only mechanisms likely to 
influence gastric mucosal perfusion are anaesthesia 
and changes in systemic haemodynamics and blood 
volume. Our patients had no perioperative gastric 
mucosal acidosis, and the small reduction in gastric 
mucosal pH was related to changes in systemic 
acid-base status. This demonstrates that careful 
management of perioperative haemodynamics pre- 
vents gastric mucosal hypoperfusion. 

In our study both gastric and sigmoid mucosal 
perfusion. were well maintained after operation and 
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Figure 1 Arterial, gastric and sigmoid mucosal pH during the 
study (mean, SEM). * P<0.05 vs before clamping value (Wilcoxon). 


Epidural analgesia does not increase splanchnic blood flow 


Table4 Splanchnic blood flow and oxygen transport after 
surgery (mean (sD)). * Epidural group vs controls, P<0.05, two- 
way analysis of variance for repeated measurements; t time effect, 
P<0.05, two-way analysis of variance for repeated measurements 





Baseline 2h 


Splanchnic blood flow Epidural 0.72 (0.28) 0.84 (0.41) 
(hitre min` m^) Control 0.70 (0.21) 0.70 (0.15) 
Fractional splanchnic Epidural 0.25 (0.08) 0.22 (0.05) 
blood flow Control 0.22 (0.06) 0.21 (0.07) 
Splanchnic O, Epidural 42 (13) 39 (10) 
consumption Control 37 (6) 37 (9) 
(ml min™ m°’ 
Hepatic venous Epidural 0.63 (0.08) 0.59 (0.12) 
saturation Control 0.63 (0.07) 0.59 (0.13) f 
Spianchnic O, Epidural 0.35 (0.08) 0.40 (0.12) 
extraction Control 0.34 (0.08) 0.38 (0.14)t 
Arterial lactate Epidural 0.94 (0.29) 1.09 (0.43) 
(mmol litre’) Control 0.95 (0.36) 1.16 (0.45) 
Hepatic venous lactate Epidural 0.45 (0.23) 0.65 (0.53) 
(mmol litre”) Cantrol 0.59 (0.41) 0.84 (0.59)t 
Hepatic lactate uptake Epidural 0.37 (0.14) 0.31 (0.15) 
(mmol min™ m°) Control 0.25 (0.10) 0.20 (0.13)* 


not influenced by epidural analgesia. Measurement 
of splanchnic blood flow was performed at the time 
when, according to previous studies, mucosal acido- 
sis should have been common. Compared with previ- 
ous studies, mucosal acidosis or increased 
mucosal-arterial CO, difference was remarkably rare 
in our study’” and even patients with a high sig- 
moid-arterial Pco, difference did not develop serious 
complications. This may be because none of our 
patients had signs of insufficient systemic perfusion 
and oxygen delivery, judged either by the informa- 
tion provided by the invasive haemodynamic moni- 
toring, gastric tonometry or arterial blood lactate 
concentrations. Unfortunately, most of the previous 
studies provide insufficient haemodynamic data for 
evaluation of systemic haemodynamic state, oxygen 
transport and vasoactive drugs used, and therefore it 
is difficult to assess if the mucosal acidosis observed 
in previous studies was simply a result of inadequate 
systemic blood flow and oxygen delivery. In our 
study, sigmoid—arterial Pco, difference increased 
remarkably in one patient during epidural analgesia. 
Recovery of this patient was also uneventful. The 
possibility that the tonometer had slid into the rec- 
tum cannot be excluded. 
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Changes in total hepatosplanchnic blood flow after 
aortic surgery have not been reported previously. The 
method we used does not allow assessment of the 
contribution of hepatic arterial and portal blood flow 
to total blood flow. Because of multivessel influx of 
the splanchnic bed and the possible heterogeneity of 
blood flow responses within the splanchnic bed, we 
cannot exclude changes in small intestine blood flow 
in response to epidural analgesia, Nevertheless, the 
lack of changes in total hepatosplanchnic blood flow 
and local perfusion of the mucosa, both in the upper 
and lower gastrointestinal tract, suggest that epidural 
analgesia had no effect on splanchnic perfusion in 
this clinical setting. 

Interactions of general anaesthesia and sedation on 
the effects of epidural analgesia on splanchnic blood 
flow are unknown. Drugs used for general anaesthe- 
sia may depress the myocardium and reduce both 
cardiac output and splanchnic blood flow. On the 
other hand, vasodilatation caused by general anaes- 
thesia may influence the splanchnic circulation. If the 
patients had been awake, the result may have been 
different because increased sympathetic activity 
would have been eliminated more effectively in the 
epidural group. 

The higher lactate uptake in the epidural group 
was related mainly to lower hepatic venous lactate 
values. This may be associated with more efficient 
hepatic lactate uptake by the liver or lower intestinal 
lactate production, already at a minimum in the 
epidural group. 

As the individual responses to any antihypertensive 
drug are highly variable and as both arterial pressure 
and its treatment may interfere with regional blood 
flow, we found no way of avoiding the use of different 
doses of sodium nitroprusside. Moreover, treatment 
of hypertension was considered necessary by the sur- 
gical team. We found the use of sodium nitroprusside 
a reasonable compromise, as we have recently shown 
that it does not influence fractional splanchnic blood 
flow in coronary artery bypass patients after 
surgery.” Mean arterial pressure decreased to a 
greater extent in the epidural group but it also 
decreased in the control group. There were no signifi- 
cant differences between the groups, suggesting that 
mean arterial pressure had no effects on splanchnic 
blood flow or on gastric or sigmoid pH. Another 
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Figure2 Relationship between splanchnic blood flow and cardiac index (CD in individual patients: 10%, 20% and 30% 
lines are splanchnic blood flow as a proportion of CI. Patients not receiving sodrum nitroprusside are indicated with an 
_ asterisk. Solid arrowsabdominal aortic aneurysm patients; open arrows=universal atherosclerosis patents. 
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potential confounding variable is the presence of 
both aneurysmatic and aorto-iliac occlusive patients. 
Despite this, the individual responses in the epidural 
group did not suggest any difference in the pattern of 
responses to epidural analgesia. 


Our data suggest that epidural analgesia did not 


improve splanchnic perfusion in elective postopera- 
tive aortic surgery patients. Our results also showed 
that both gastric and sigmoid mucosal acidosis were 
uncommon in invasively monitored patients with a 
stable haemodynamic state and that short-term 
mucosal acidosis has no apparent effect on recovery. 
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Epidural pain relief in labour: potencies of levobupivacaine and 


racemic bupivacaine 


G. Lyons, M. Co-ums, R. C. WILSON AND R. V. JOHNSON 





Summary 


We have compared the minimum local analgesic 
concentrations (MLAC) of levobupivacaine 
relative to racemic bupivacaine in a prospective, 
randomized, double-blind, sequential allocation 
study. Women in labour were given a 20-ml 
bolus of epidural levobupivacaine or bupiva- 
caine diluted to a concentration determined 
by up-down sequential allocation. The initial 
concentration was 0.07% w/v for both drugs. 
Efficacy was defined using a visual analogue 
pain score (VAPS) at 10 mm or less within 30 
min. The MLAC of levobupivacaine was 0.083% 
w/v (95% CI 0.065-0.101) and the MLAC of bupi- 
vacaine 0.081% w/v (95% Cl 0.055-0.108). In 
molar terms, the MLAC of levobupivacaine was 
2.87 mmol litre’ (95% CI 2.25-3.49) and the 
MLAC of bupivacaine 2.49 mmol litre” (95% Cl 
1.69-3.32). With regard to the commercial 
preparations, the potency ratio levobupivacaine: 
bupivacaine was 0.98 (95% CI 0.67-1.41), and 
this is unlikely to be of clinical relevance. In molar 
terms, the ratio was 0.87 (95% Cl 0.60-1.25). With 
regard to toxicity, the evidence should be evalu- 
ated in the light of a possible 13% potency differ- 
ence in molar concentration in favour of racemic 
bupivacaine. (Br. J. Anaesth. 1998; 81: 899-901). 


Keywords’ analgesia, obstetric; analgesic techniques, 
epidural; anaesthetics local, bupivacaine; pharmacokinetics, 
stereoisomers 





In 1979, Albright drew attention to a number of 
maternal deaths after accidental i.v. injection of bupi- 
vacaine intended for the epidural space.’ In the UK, 
the problem manifested itself in deaths during i.v. 
regional anaesthesia (VRA) with bupivacaine.’ 
Subsequent recommendations led to the withdrawal 
of bupivacaine for IVRA, and the 0.75% w/v concen- 
tration for obstetric use. Animal studies have shown 
that the adverse cardiac effects of bupivacaine are 
more difficult to reverse than those of lidocaine (lig- 
nocaine), and attention has since been directed 
towards developing local anaesthetics that have less 
potential for cardiotoxicity. 

Bupivacaine is a racemic mixture consisting of 
equal quantities of the optical isomers, levobupiva- 
caine and dexbupivacaine, also known as the S(-) 
and R(+) enantiomers. For more than 25 yr it has 
been known that the two enantiomers of bupivacaine 
have different activities, and that animal studies have 
shown levobupivacaine to be less toxic than both 
dexbupivacaine and racemic bupivacaine.* Toxicity 


comparisons are conducted on a weight for weight 
basis, and toxicity ratios determined in the laboratory 
are not valid for clinical practice if differences in 
analgesic potencies require different dosing regi- 
mens. 

The aim of this study was to determine the relative 
analgesic potencies of levobupivacaine and racemic 
bupivacaine using the minimum local analgesic con- 
centration (MLAC) model, in women requesting 
epidural pain relief in labour.” 


Patients and methods 


After obtaining approval from the Hospital Ethics 
Committee for this randomized, double-blind, paral- 
lel group, sequential allocation study and after obtain- 
ing informed consent, we studied ASA I women 
requesting epidural pain relief in the first stage of 
labour. We excluded those in whom cervical dilatation 
exceeded 5 cm and those who had received opioid or 
sedative drugs. The use of a transcutaneous electrical 
nerve stimulator or Entonox before epidural request 
was not regarded as a need to exclude. 

Lv. saline 0.9% w/v was infused via a forearm can- 
nula. The epidural space was found using an 18-gauge 
Tuohy needle at either L2—3 or L3—4 in the sitting 
position. Loss of resistance to saline was used to 
identify the epidural space, limiting injection to 
2 mi in order to minimize dilution of local anaes- 
thetic. For the purpose of the study, the test dose was 
omitted. 

The first administration of levobupivacaine or bupi- 
vacaine was in a freshly prepared syringe containing 
20 ml of test solution given over 5 min. Local anaes- 
thetic was diluted with 0.9% w/v saline to achieve the 
desired concentration at room temperature. 

Women were allocated randomly to one of two 
concurrent groups to receive levobupivacaine (n=30) 
or bupivacaine (n=30). The concentration of local 
anaesthetic in the first syringe of each group was 
0.07% w/v. This corresponded to a previously deter- 
mined MLAC for bupivacaine.’ Thereafter, the con- 
centration of the test solution in each individual 
syringe was determined by the response of the previ- 
ous patient ın the same group to the higher or lower 
concentration in her test syringe, according to 
up-down sequential allocation. Maternal heart rate, 
arterial pressure, uterine contractions and fetal heart 
rate were monitored. 
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Efficacy of the first dose was assessed using a 
100-mm visual analogue pain score (VAPS) where 0 
represented “no pain” and 100, “worst pain ever”, at 
5.min intervals up to 30 min after injection of the 
test solution (first bolus). Three outcomes were 
possible: (1) effective, this required that the VAPS 
decreased to 10 mm or less at the height of contrac- 
tion, within 30 min, and indicated the end of the 
study and directed a decrement of 0.01% w/v local 
anaesthetic for the next woman; (2) ineffective, this 
followed failure of the VAPS to reach 10 mm within 
30 min of the test solution. Rescue analgesia consist- 
ing of 0.25% bupivacaine 15 ml was given. After this, 
a reduction in VAPS to 10 mm or less indicated the 
end of the study and directed a 0.01% increment for 
the next woman; (3) repeat, failure to achieve a VAPS 
of 10 mm after rescue directed that the same concen- 
tration be repeated for the next woman. 

For all women, age, weight, height, gestation, 
parity, cervical dilatation, use of oxytocin infusion 
and presence of pruritus were recorded. 

A modified Bromage score (0=no impairment, 
l=inability to raise leg, 2=inability to flex knee and 
3=complete paralysis) was performed on all women, 
either at 30 min after an effective outcome or after 
rescue when an ineffective outcome had been 
reached. If the score for both legs was zero, women 
were mobilized and ability to stand unaided, walk 
unaided and perform a knee bend’ was recorded. 

The source of racemic bupivacaine was the 
commercial preparation (Marcain, Astra) expressed 
as anhydrous bupivacaine hydrochloride containing 
2.64 mg ml!” of bupivacaine hydrochloride mono- 
hydrate corresponding to 2.12 mg ml” (7.7 mmol 
litre”) of free base. The source of levobupivacaine 
(Chirocaine, Chiroscience) was expressed as an- 
hydrous pure base containing 2.50 mg ml” (8.6 mmol 
litre”) of free base. 

Patient and obstetric data were collected and are 
presented as mean (sD) and median (interquartile 
range), as appropriate. Median effective concentra- 
tions were estimated from the up-down sequences 
using the formula of Dixon and Massey which 
enabled MLAC with 95% confidence interval (95% 
CTD) to be derived.’ Further analyses included the 
unpaired Student’s ż test and Mann Whitney U test 
for between-group comparisons of parametric and 
non-parametric data, respectively, with Fisher’s exact 
test for categorical data.’° Analyses were carried out 
using the following software: Microsoft Excel 5.0a 
for Windows, Statistical Package for the Social 
Sciences (SPSS) 6.1 for Windows, GraphPad Instat 
2.05a for DOS and Pharmacologic Calculation 
System (PCS) 4.2 for DOS. 


Results 


We enrolled 73 women in the study. Six women in 
each group were withdrawn because of study viola- 
tions, and one patient in the bupivacaine group 
because of failure of rescue. Thus 60 women were 
evaluated. The groups were similar in patient and 
obstetric characteristics (table 1). 

Using the formula of Dixon and Massey, the 
MLAC of levobupivacaine was 0.083% w/v (95% CI 
0.065—-0.101) and the MLAC of racemic bupivacaine 
0.081% wy (95% CI 0.055-0.108) The relative 
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Table 1 Patient and obstetric data (mean (sp), median 
[interquartile range] or number). VAPS=Visual analogue pain 
scores 





Bupivacaine Levobupivacaine 
(n=30) (n=30) 
Age (yr) 26.9 (18-37) 26.8 (18-35) 
Height (cm) 163 (6.52) 163 (6.67) 
Weight (kg) 77.5 (14.9) 75.4 (12.5) 
Gestation (weeks) 39 [39-40] 40 [40-41] 
Cervical dilatation (cm) 3 [3-4] 3 [2-3] 
Parity 0 [0-1] 0 [0-1] 
Nulliparous/multiparous 16/14 21/9 
Oxytocin 7 12 
Initial VAPS (mm) 66 [45-84] 72 [46-89] 


potency of levobupivacaine to racemic bupivacaine 
was 0.98 (95% CI 0.67-1.41) (figs 1, 2). 

In terms of molar concentrations, the MLAC of 
levobupivacaine was 2.87 (95% CI 2.25-3.49) mmol 
litre’ and the MLAC of racemic bupivacaine 2.49 
(95% CI 1.69-3.32) mmol litre”. The molar potency 
ratio was 0.87 (95% CI 0.60-1.25). The derived 
dose-response point estimates are illustrated in 
figure 3. 

Fifteen women in the levobupivacaine group had 
motor scores of 0 compared with 12 after racemic 
bupivacaine (ns). All women with 0 scores were able 
to stand and walk unaided, and perform a knee bend. 


Discussion 


We have shown a 2% difference in potency between 
the two commercial preparations in favour of 
racemic bupivacaine. This is unlikely to be of clinical 
relevance. Levobupivacaine is bound by Directive 
91/507 of the European Economic Community, part 
2, section A, clause 3.3, which stipulates that formu- 
lations of hydrates and salts must be expressed as 
milligrams of active moiety. Our ampoules of 
levobupivacaine 0.25% w/v contained 2.5 mg ml" of 
free base. Registration of racemic bupivacaine 
predates this directive, and an ampoule of the same 
concentration contains bupivacaine hydrochloride 
2.5 mg ml”. Because of this, an ampoule of levobupi- 
vacaine contains 11% more molecules of local anaes- 
thetic than an ampoule of the same concentration 
of bupivacaine, and when this is taken into account, 
the potency difference widens to 13%. Although the 
Directive is only applicable to countries in the 
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Figure! EC, values (mean, 95% confidence interval) for 
levobupivacaine, determined by up-down sequential allocation. 
Testing interval was 0.01 % w/v. The MLAC of levobupivacaine 
was 0 083% w/v (95% CI 0.065-0.101). 
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Figure2 EC„ values (mean, 95% confidence interval) of 
bupivacaine, determined by up-down sequential allocation. 
Testing interval was 0.01 % w/v. The MLAC of bupivacaine was 
0.081% wy (95% CI 0.55-0.108). 


European Community, it is likely that the European 
formulation will become universal. 

Another potency comparison was that of Aps and 
Reynolds” who conducted an intradermal study with 
levobupivacaine and dexbupivacaine in human 
volunteers. They found that levobupivacaine was 
more potent. This can be explained by differences in 
vasoactivity. There is a tendency for S(-) enantiomers 
to produce more vasoconstriction at low concentra- 
tions, and this could explain the finding.’ The addi- 
tion of vasoconstrictors to epidural bupivacaine has 
little clinical effect and gives reason to believe that 
performance in the epidural space is unlikely to be 
influenced by vasoconstriction. 

‘Toxicity studies performed in animals have shown 
that both the convulsive and lethal doses of the S(-) 
enantiomer are greater than those for racemic bupi- 
vacaine.”” ’ When given i.v. to 12 human volunteers 
at a rate of 10 mg min’, plasma concentrations of 
levobupivacaine and racemic bupivacaine at the end 
of the infusion were 2.38 pg ml’ and 1.87 pg ml”, 
respectively. Mean total tolerated doses were 54 mg 
of levobupivacaine and 45.6 mg of racemic bupiva- 
caine. Thoracic bioimpedance recorded decreases in 
stroke index, acceleration index and ejection fraction 
that were greater with racemic bupivacaine com- 
pared with levobupivacaine, and this difference was 
statistically significant.’* In this study, the dosing 
regimen was adjusted to accommodate differences in 
weight/volume expression between the local anaes- 
thetics. 

In summary, we have shown that with regard to 
commercial preparations, levobupivacaine was 2% 
less potent than racemic bupivacaine, but this is 
unlikely to be clinically important. Because of differ- 
ences in the weight/volume expression of the two 
local anaesthetics, there is a possible 13% difference 
in the potencies of the molar concentrations, and 
this must be borne in mind when toxicity studies are 
evaluated. 
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Fiıgure3 EC, values (mean, 95% confidence interval) for 
levobupivacaine and bupivacaine. Derived point estimates are 
plotted to demonstrate the concentration—response relanonship. 
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Are changes in the evoked electromyogram during anaesthesia without 
neuromuscular blocking agents caused by failure of supramaximal 


nerve stimulation? + 


S. L. Pona, F. CLEwLow AND D. C. SMITH 


Summary 

The evoked electromyogram often decreases 
during anaesthesia in the absence of neuro- 
muscular block. We have measured the electro- 
myogram of the first dorsal interosseous muscle 
evoked by train-of-four stimulation of the ulnar 
nerve in 63 patients undergoing anaesthesia 
for minor surgery. We used Medicotest P-00-S 
electrodes, a Datex Relaxograph and a current 
sink in the stimulating leads in parallel with the 
current path through the patient. The current 
sink was used to shunt some of the maximum 
available output current from the Relaxograph 
while maintaining the supramaximal stimulus 
current passing through the patient. After 30 min 
of anaesthesia, when the muscle response to 
train-of-four was stable, the ulnar nerve stimulus 
current was increased by reducing the propor- 
tion shunted through the current sink. The electro- 
myographic response did not change during the 
study in 13 patients. In the remaining 50 
patients, the response decreased to 78.4% (sp 
27.1%, range 7.5-95.0%) of baseline values over 
the first 20 min of anaesthesia. In 22 of these 
patients, the electromyographic response in- 
creased from 71.4 (sp 22.6)% to 92.3 (9.5)% of 
baseline responses when the stimulus current 
was increased by 12.3 (2.4) mA, while in the 
remaining 28 patients the response decreased to 
83.7 (10.6)% and did not increase with increasing 
stimulus current. These results suggest that loss 
of supramaximal stimulation is partly responsible 
for the observed changes in the evoked electro- 
myogram during anaesthesia. (Br J. Anaesth. 
1998; 81: 902-904). 


Keywords: measurement techniques, electromyography; 
measurement techniques, neuromuscular block; neuromus- 
cular block, measurement of response 


The evoked electromyogram (EEMG) often fails to 
return to baseline values during offset of neuromus- 
cular block. In patients who have not received a neuro- 
muscular blocking drug, the EEMG response may 
also decrease to approximately 80% of control values 
over the first 20 min of anaesthesia,” ° but the 
response does not decrease with time in awake sub- 
jects.’ Improper fixation of the recording electrodes* 
and changes in forearm position’ may alter the 
EEMG response, possibly by alteration of the posi- 
tion of the stimulating electrodes relative to the ulnar 


nerve. If movement of the stimulating electrodes 
results in failure of supramaximal nerve stimulation, 
by simply increasing the stimulus current the EEMG 
response should increase towards the control value 
set at initial calibration. 

To study the effect of stimulus current on the 
EEMG response during anaesthesia, we wished to be 
able to increase the output current from the nerve 
stimulator of a Relaxograph (Datex, Helsinki) after 
calibration, without changing the calibration values 
for the train-of-four responses in the memory of the 
Relaxograph. The Relaxograph stimulus current can 
be changed after calibration, but only in discrete 
steps of varying magnitude. Therefore, we decided to 
use a calibrated adjustable current sink in parallel 
with the stimulator output leads. This adjustable cur- 
rent sink was designed by Mr F. Clewlow along con- 
ventional lines, to have a sink capability of 40 mA ata 
maximum input voltage of 400 V and be capable of a 
square wave response to a current pulse of 100 us 
duration. Its performance was independent of stimu- 
lus electrode impedance. Details of the device are 
available from the authors on request. The current 
sink shunts a variable proportion of the Relaxograph 
output current away from the patient during calibra- 
tion, while the supramaximal stimulus current reach- 
ing the patient is maintained (fig. 1). The proportion 
of shunted current can later be reduced, increasing 
the current passing through the stimulating elec- 
trodes to the patient. 


Patients and methods 


After obtaining approval from Southampton Joint 
Ethics Committee, we studied 63 adult patients, ASA 
I or Il, body mass index (weight/height’) <27, under- 
going minor surgery which did not require a neuro- 
muscular blocking drug during anaesthesia. 
Premedication was given at the discretion of the 
responsible anaesthetist. 

We recorded the EEMG over the belly of the first 
dorsal interosseous muscle with the Relaxograph and 
Medicotest P-00-S electrodes. The indifferent elec- 
trode was on the proximal phalanx of the index fin- 
ger. We stimulated the ulnar nerve at the wrist, with 
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Supramaximal stimulation during evoked EMG 


Current sink 





Figure 1 Operating principle of the current sink. During 
calibration of the Relaxograph, the sink shunts a variable 
proportion of the stimulus current to ground, bypassing the 
patient. The amount of shunted current may later be reduced, 
increasing the stimulus current to the patent. 


the ground electrode over the median nerve at the 
proximal wrist crease. Electrode sites were degreased 
for 5 s with gauze and 70% isopropyl alcohol. The 
arm was laid on an armboard in 90° abduction with 
the elbow flexed to 30°, and was loosely fixed in posi- 
tion with adhesive tape. The arm was left exposed on 
the armboard; theatre temperature was regulated to 
22°C. Routine monitoring comprised pulse oxime- 
try, non-invasive arterial pressure and ECG. 

Anaesthesia was induced with propofol 2-2.5 mg 
kg”, and a laryngeal mask was inserted. Anaesthesia 
was maintained with 1-1.5% isoflurane and 66% 
nitrous oxide in oxygen, with the patient breathing 
spontaneously via a Mapleson A system. We started 
EEMG monitoring at the loss of the eyelash reflex 
during induction of anaesthesia. The Relaxograph 
was switched on and the automatic calibration rou- 
tine determined the supramaximal stimulus current. 
The difference between the supramaximal stimulus 
current and the 70 mA maximum output from 
the Relaxograph was then dialled on the control 
knob of the current sink. We then recalibrated the 
Relaxograph to ensure that the output current from 
the Relaxograph was close to 70 mA while the origi- 
nal supramaximal stimulus current to the patient was 
maintained, with the maximum possible current 
passing through the current sink. We did not measure 
the actual stimulus current to the patient, but the 
Relaxograph and current sink had both been cali- 
brated in the laboratory before the study began. The 
patient was then transferred carefully from the anaes- 
thetic room to the operating theatre. The Relaxograph 
continued to measure the train-of-four response every 
20 s for the duration of the study. After 30 min we 
adjusted the current sink to increase the stimulus 
current to the patient in an attempt to restore the 
T1 response to 100%. We repeated the Relaxograph 
calibration routine, without using the current sink, at 
the end of monitoring in 45 of the patients. 

We analysed the data using a computer spread 
sheet (Excel v4.0, Microsoft). Results are presented 
as mean (sD). We regarded a 5% change in either 
direction from baseline EEMG responses as a clini- 
cally significant change. 


Results 


Patients were aged 22-68 yr, with a 50:50 male: 
female ratio. The T1 response remained stable within 
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£5% of the control response in 13 of the 63 patients. 
In these patients the T1 response did not increase 
when additional stimulus current was passed 
through the electrodes, and the supramaximal stimu- 
lus current did not change between initial calibration 
and recalibration at the end of the study. 

In 50 patients the T1 response decreased to 78.4 
(27.1)% of baseline responses over the first 20 min of 
anaesthesia. These 50 patients were divided into two 
groups (A and B) according to their response to 
increased stimulus current: 

Group A (22 of 50 patients). Mean T1 response 
decreased to 71.4 (22.6)% (range 7.5-95.0%) of 
control over the first 20 min of anaesthesia and 
remained stable thereafter. Increasing the amount of 
current passing through the stimulus electrodes by 
12.3 (2.4) mA increased the T1 response to 92.3 
(9.5)% of control (fig. 2). In four of these patients the 
new supramaximal stimulus current was greater than 
the 70 mA maximum output from the Relaxograph 
and could not be determined, while in the other 18 
patients the mean supramaximal strmulus current 
increased from 52.5 mA at initial calibration to 64.8 
mA at recalibration. 

Group B (28 of 50 patients). Mean T1 response 
decreased to 83.7 (10.6)% (range 47.5-95.0%) of 
control over the first 20 min of anaesthesia and 
remained stable thereafter. Increasing the stimulus 
current by 12.3 (2.4) mA did not increase the T1 
response (fig. 2). The mean supramaximal stimulus 
current at initial calibration was 47.1 mA, and after 
recalibration, 49.7 mA. 

There was no difference in age, body mass index or 
sex distribution between the subgroups which could 
account for these differences inT1 response. 


Discussion 


The decrease in EEMG response from the calibration 
baseline was similar to that reported previously.’ °’ 
This has largely been ignored in the past, although 
some workers reject those recordings in which the 
EEMG response does not return to within 10-15% 
of baseline values’ and others allow the EEMG to 
stabilize for 20 min before recalibrating the response 
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Fıgure2 Mean changes in the evoked electromyographic 
response during anaesthesia in groups A and B. Snmulus current 
was increased at 30 mun. Error bars represent 95% confidence 
interval for the mean value. 
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to 100%.” We found that the EEMG response was 
not often restored to the 100% baseline value with 
additional stimulus current, although the variability 
of the response about the mean value was reduced. In 
those patients in whom the T1 response did not 
change during the study, we cannot assume that 
there was no change in the maximal nerve stimula- 
tion current, as any change may simply be hidden 
within the 20% margin of the supramaximal stimulus 
current. 

The decrease in the EEMG response during 
anaesthesia is unrelated to changes in the electrical 
impedance of the stimulus or recording electrodes,” ™ 
but is associated with a reduction in the area and 
amplitude, but not duration, of the evoked com- 
pound action potential.” This implies either that the 
decrease in the EEMG response results from a 
decrease in the number of active motor units, or that 
the end-plate depolarization current is reduced dur- 
ing anaesthesia. 

Increasing the distance between the stimulus 
electrode and nerve reduces the stimulating current 
density reaching the nerve by the fourth power of the 
distance, as the current flows in three dimensions 
through the tissues, which may allow the effective 
stimulus current to become submaximal. Movement 
of the stimulating electrodes relative to the ulnar 
nerve may result from pronation or supination of the 
forearm during the procedure,” possibly during repo- 
sitioning of the patient during surgery.” Alternatively, 
the volume of the soft tissues of the forearm may 
increase as a result of vasodilatation during anaesthe- 
sia. Obese patients have greater distances between the 
stimulating electrodes and nerve than slimmer 
patients, and therefore obese patients may be more 
susceptible than thin patients to decreases in the 
EEMG control response during anaesthesia. We 
excluded obese patients from our study. 

Volatile anaesthetic agents may modify neuromus- 
cular transmission by reducing acetylcholine output 
from the motor nerve terminal, although routine 
concentrations of volatile anaesthetics do not modify 
either the motor nerve or muscle membrane thresh- 
olds for depolarization." Isoflurane at concentrations 
greater than 1.25 MAC and enflurane at concentra- 
tions greater than 3.5% induce tetanic fade and 
depress the mechanical single twitch response by 
10% in humans.” % The mechanism for this is 
unclear. More standard concentrations of halothane 
and isoflurane increase the mechanical twitch 
response but decrease the EEMG response in 
humans, but the mechanical response recovered on 
cessation of anaesthesia while the EEMG response 
did not.” ” 

In summary, the decrease in the control response 
of the EEMG during anaesthesia was caused, at least 
in part, by failure of supramaximal stimulation of the 
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motor nerve. However, we cannot explain why 
increasing the stimulus current increased the T1 
response in only 44% of those patients in whom it 
decreased, and further work is required to provide a 
complete solution to this problem. 
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Effects of enflurane, isoflurane, sevoflurane and desflurane on reperfusion 
injury after regional myocardial ischaemia in the rabbit heart in vivo 


B. PRECKEL, W. SCHLACK, T. COMFBRE, D. OBAL, H. BARTHEL AND V. THAMER 


Summary 

It is known that volatile anaesthetics protect 
myocardial tissue against ischaemic and reper- 
fusion injury in vitro. In this investigation, we 
have determined the effects of the inhalation 
anaesthetics, enflurane, isoflurane, sevoflurane 
and desflurane, administered only during early 
reperfusion, on myocardial reperfusion injury in 
vivo. Fifty chloralose-anaesthetized rabbits were 
subjected to 30 min of occlusion of a major coro- 
nary artery followed by 120 min of reperfusion. 
Left ventricular pressure (LVP, tip-manometer), 
cardiac output (CO, ultrasonic flow probe) and 
infarct size (triphenyltetrazolium staining) were 
determined. During the first 15 min of reperfu- 
sion, five groups of 10 rabbits each received 1 
MAC of enflurane (enflurane group), isoflurane 
(isoflurane group), sevoflurane (sevoflurane 
group) or desflurane (desflurane group), and 10 
rabbits served as untreated controls (control 
group). Haemodynamic baseline values were 
similar between groups (mean LVP 106 (sem 2) 
mm Hg; CO 281(7) ml min’). During coronary 
occlusion, LVP and CO were reduced to the same 
extent in all groups (LVP 89% of baseline; CO 
89%). Administration of inhalation anaesthetics 
during early reperfusion further reduced both 
variables, but they recovered after discontinua- 
tion of the anaesthetics to values not different 
from control] animals. Infarct size was reduced 
from 49 (5)% of the area at risk in the control 
group to 32 (3)% in the desflurane group 
(P=0.021), and to 36 (2)% in the sevoflurane 
group (P=0.097). In the enflurane group, infarct 
size was 39 (5)% (P=0.272). Isoflurane had no 
effect on infarct size (48 (5)%, P=1.000). The 
results show that desflurane and sevoflurane 
markedly reduced infarct size and therefore can 
protect myocardium against reperfusion injury 
in vivo. Enflurane had only a marginal effect and 
isoflurane offered no protection against reperfu- 
sion injury in vivo. These different effects sug- 
gest different protective mechanisms at the 
cellular level. (Br. J. Anaesth. 1998; 81: 905-912). 


Keywords: anaesthetics, volatile, enflurane; anaesthetics, 
volatile, isoflurane; anaesthetics, volatile, sevoflurane; 
anaesthetics, volatile, desflurane; heart, ischaemia; heart, 
myocardial function, rabbit 


The term “lethal reperfusion injury” characterizes a 
situation in which myocardium losses viability by 


pathomechanisms that are triggered by restoration of 
oxygen and substrate supply after myocardial 
ischaemia.’ It has been demonstrated that halothane 
administration only during the early reperfusion 
period can protect isolated cardiomyocytes and 
isolated rat hearts against reperfusion injury.’ ° This 
protective effect of halothane was confirmed in an in 
vivo rabbit model of coronary artery occlusion and 
subsequent reperfusion, and was independent of the 
haemodynamic side effects of halothane.‘ Although 
several studies have examined the effects of the 
commonly used volatile anaesthetics, halothane, 
enflurane and isoflurane, in myocardial ischaemia,”’ 
little is known of the specific influence of these agents 
on myocardial reperfusion injury.* In addition, the 
influence of the new volatile anaesthetics, sevoflurane 
and desflurane, on reperfusion injury in vivo has yet 
to be described. In the isolated rat heart, improve- 
ment of myocardial function was observed after 
30 min of ischaemia followed by 60 min of reperfu- 
sion if inhalation anaesthetics were administered 
during early reperfusion.’ However, the nme course 
of creatine kinase release (as a marker of cellular 
injury) and recovery of left ventricular CLV) developed 
pressure (as an index of myocardial function) varied 
depending on the inhalation anaesthetic used.’ 

We hypothesized that enflurane, isoflurane, 
sevoflurane and desflurane can protect the 
myocardium against reperfusion injury in vivo in a 
similar manner to halothane. Therefore, we designed 
this study to determine the effects of these volatile 
anaesthetics on reperfusion injury in the in situ rabbit 
heart with regional coronary artery occlusion and 
subsequent reperfusion. Baseline anaesthesia was 
maintained with continuous infusion of chloralose 
during the experiments and the volatile anaesthetics 
were administered only during the initial reperfusion 
period (15 min) to determine specific actions against 
reperfusion injury. Infarct size was determined by 
triphenyltetrazolium chloride (TTC) staining after 2 h 
of reperfusion. 


Materials and methods 


The study was performed in accordance with the reg- 
ulations of the German Animal Protection Law and 
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after obtaining permission from the Animal Care 
Committee of the District of Düsseldorf. 


ANIMAL PREPARATION 


The animal preparation has been described in detail 
previously.’ In brief, 50 New Zealand White rabbits 
(body weight 2.8-4.4 (mean 3.6) kg) were anaes- 
thetized with sodium thiopental (thiopentone) 15— 
30 mg kg”. After intubation of the trachea, anaesthesia 
was maintained by continuous infusion of o-chloralose 
40 mg kg” h” and the lungs ventilated artificially. The 
rabbits were instrumented for measurement of aortic 
pressure (AOP, Statham transducer, PD23, Gould, 
Cleveland, OH, USA), LV pressure (Micro-Tip 
Pressure Transducer, Sensodyn S PO SF-1, Braun 
Melsungen AG, Melsungen, Germany) and cardiac 
output minus coronary flow volume (CO, 4S or 6S 
ultrasonic flow probe, T 208, Transonic Systems 
Inc., Ithaca, NY, USA). A snare was passed around 
a major coronary artery for later occlusion. 
Temperature was measured inside the pericardial 
cradle (GTH 1160, Digital Thermometer, Geisinger 
Electronic, Germany) and maintained at 38.5+0.3°C 
by adjusting a heating pad and an infrared lamp. 


EXPERIMENTAL PROCEDURE 


Fifteen minutes after completion of the surgical 
preparation, baseline measurements were performed. 
In eight rabbits, the inhalation anaesthetics were 
given in a randomized order at concentrations of 0.5, 
1.0 and 1.5 MAC, in order to assess the haemody- 
namic effects of the anaesthetics on normal rabbit 
myocardium in this experimental preparation under 
chloralose anaesthesia. After discontinuation of the 
volatile anaesthetic, at least 30 min were allowed 
until haemodynamic values recovered to baseline 
before the next agent was applied. For the 
ischaemia—reperfusion experiments, the prepared 
coronary artery was occluded after baseline measure- 
ments by tightening the snare. The effectiveness of 
this manoeuvre was verified by the appearance of epi- 
cardial cyanosis and changes in surface electro- 
cardiogram. Ventricular fibrillation during coronary 
occlusion was treated by electrical defibrillation (5 J, 
DCS261 Defibrillator, Piekser, Ratingen, Germany). 
After 30 min of occlusion, the snare occluder was 
released. Reperfusion was verified by the disappear- 
ance of epicardial cyanosis. After 120 min of reperfu- 
sion, the heart was arrested by injection of potassium 
chloride solution into the left atrium and quickly 
excised. The area at risk size was then determined by 
Evans blue staining of the non-ischaemic area, and 
infarct size within the area at risk was determined by 
TTC staining. The procedure has been described in 
detail previously.‘ 

Ten rabbits underwent the ischaemia—reperfusion 
procedure without further intervention (control 
group). Eight of these rabbits also served as controls 
in a previous study.’ In 10 rabbits, enflurane, isoflu- 
rane, -sevoflurane or desflurane (Vapor 19.3, 
Devapor, Dragerwerke AG, Liibeck, Germany) was 
added to the inspired gas starting 3 min before reper- 
fusion-to achieve a stable concentration at the begin- 
ning of the reperfusion period and was continued for 
the first 15 min of reperfusion. The volatile anaes- 
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thetics were titrated to an end-tidal concentration of 
2.8% enflurane (enflurane group), 2.0% isoflurane 
(isoflurane group), 3.7% sevoflurane (sevoflurane 
group) and 8.9% desflurane (desflurane group) 
(Datex Capnomac Ultima, Division of 
Instrumentarium Corp., Helsinki, Finland), which 
corresponded to 1.0 MAC of the respective volatile 
anaesthetics in the rabbit.’°”” 


DATA ANALYSIS 


LV pressure, its first derivative dP/dt, AOP and stroke 
volume were recorded continuously on an ink 
recorder (Recorder 2800, Gould Inc., Cleveland, 
OH, USA) and stored on a videotape recorder (SL-C 
30 PS, Sony, Tokyo, Japan) using pulse code modula- 
tion (VPMD 8-12, Fa. Heim, Bergisch Gladbach, 
Germany) for later playback and analysis. The data 
were digitized using an analogue to digital converter 
(Data Translation, Marlboro, MA, USA) at a sam- 
pling rate of 500 Hz and processed later on a personal 
computer. 


Haemodynamic variables 


Global systolic function was measured in terms of LV 
peak systolic pressure (LVPSP) and maximum rate of 
pressure increase (dP/dimax). Global LV end-systole 
was defined as the point of minimum dP/dt,” and LV 
end-diastole as the beginning of the sharp upslope of 
the LV dP/dz tracing. The time constant of decrease 
in LV isovolumic pressure (T) was used as an index of 
LV diastolic function.“ CO was calculated from 
stroke volume and heart rate, rate pressure product 
(RPP) from heart rate and LVPSP, and 
systemic vascular resistance (SVR) from mean AOP 
and CO, assuming a right atrial pressure of 0 mm Hg 
in the open-chest preparation. 


Statistical analysis 

Data are presented as mean (SEM). The effects of 
inhalation anaesthetics on normal myocardium were 
assessed by one-way analysis of variance (ANOVA) for 
repeated observations. In the ischaemia—reperfusion 
experiments, statistical analysis was performed by 
two-way ANOVA for time and treatment (experi- 
mental group) effects. If an overall significant effect 
between groups was found, comparison was made 
for each time using one-way ANOVA followed by the 
Dunnett’s post-test, where appropriate. Differences 
in the influence of area at risk size on infarct size were 
determined by ANOVA for differences between 
regression slopes, followed by analysis of covari- 
ance.” Some of the control animals were from a pre- 
vious study.* Therefore, the two treatment groups of 
the previous study were included in the statistical 
evaluation to prevent an increase in type I error by 
repeated use of the same controls. 


Results 


A total of 63 animals were used. Five animals died 
from ventricular fibrillation during coronary artery 
occlusion. In the remaining 58 animals, complete 
data sets were obtained (control group, n=10; enflu- 
rane group, 7=10; isoflurane group, n=10; sevoflu- 
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Table 1 Effects of increasing doses of enflurane, isoflurane, 
desflurane, and sevoflurane on normal myocardium were tested 
during a-chloralose anaesthesia. LVPSP = left ventricular peak 
systolic pressure, CO = cardiac output; dP/damax = maximum rate 
of left ventricular pressure crease, SVR = systemic vascular 
resistance 








Baseline 0.5MAC 1.0MAC 1.5MAC 
LVPSP (mm Hg) (%) (%) (%) 
Enflurane 106 (6.1) 875.4) 70(8.0) 45 (2.1) 
Isoflurane 107 (6.6) 98 (3.3) 88(6.1) 66 (6.3) 
Desflurane 105(5.1) 81(5.0) 7310.3) 70 (8.9) 
Sevoflurane 108 (5.4) 93(4.1) 80(7.5) 68 (10.5) 
CO (ml min”) (%) (%) (%) 
Enflurane  247(16) 103 (6.9) 92(8.5) 64 (5.1) 
Isoflurane 238 (16) «103 (1.0) 100(2.7) 97(8.2) 
Desflurane  236(21) 103 (5.4) 98(7.8) 102(5.6) 
Sevoflurane 273 (23) 95(38) 93(57) 90(5.9) 
dP/dimax (mm Hg 8") (%) (%) (%) 
Enflurane 4730 (685) 87(8.7) 60(12.2) 28 (3.7) 
Isoflurane 4758 (423) 101(5.4) 85(81) 56 (9.6) 
Desflurane 5053 (583) 88(6.0) 66(11.8) 57 (11.7) 
Sevoflurane 5246 (411) 90 (6.5) 71(10.6) 48 (12.6) 
SVR (mm Hg mun litre”) (%) (%) (%) 
Enflurane  396(11)  82(2.8)  68(4.6) 56 (3.5) 
Isoflurane 406(30)  95(3.3) 83(6.4) 58 (6.6) 
Desflurane  400(28)  84(3.3) 64(9.4) 56 (7.7) 
Sevoflurane 362(36) 95 (2.7) 78(6.8) 62 (10.9) 


rane group, n=10; desflurane group, n=10; inhalation 
anaesthetic without coronary occlusion, n=8). 


HAEMODYNAMIC FUNCTION 
Effects of inhalation anaesthetics on normal mryocardium 


In eight rabbits, the effect of the inhalation anaes- 
thetic on normal myocardium was tested in the 
experimental model of the present study (table 1). 
Two to three different anaesthetics were tested in 
each animal. There was a similar decrease in LVPSP, 
dP/dimax and SVR in all groups at 1.5 MAC. CO 
was maintained at lower concentrations until 1.0 
MAC (the concentration used in the ischaemia— 
reperfusion experiments), but decreased at 1.5 MAC 
of enflurane. 


Ischaemta—reperfuston experiments 

The haemodynamic variables are summarized in fig- 
ures 1 and 2 and table 2. During baseline recordings, 
groups were comparable in LVPSP and CO. By 
chance, heart rate was higher in the isoflurane, 
sevoflurane and desflurane groups compared with 
the control group (figs 1, 2). Consequently, RPP, as a 
major determinant of myocardial oxygen consump- 
tion, was comparable between the control group and 
the enflurane group and was higher in the isoflurane, 
sevoflurane and desflurane groups during baseline 
conditions. 

In all groups, coronary occlusion was accompa- 
nied by a small reduction in LVPSP (15%), 
dP/dtmax (23%) and CO (20%) (table 2; figs 1, 2). 
SVR remained unchanged. Diastolic function 
showed a prolongation of the time constant of 
decrease in isovolumic LV pressure (t increased by 
20%) and an increase in LVEDP (42%) during coro- 
nary artery occlusion (table 2) (all values at 25 min 
of coronary artery occlusion). 
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Figure 1 Line plot showing the time course of left ventricular 
peak systolic pressure (LVPSP), cardiac output (CO) and heart 
rate (HR) during experiments in the control, enflurane and 
isoflurane groups. Data are percentage changes (sEM) from 
baseline. Baseline LVPSP was 101 (sem 5) mm Hgin the control 
group, 104 (6) mm Hg in the enflurane group and 118 (3) mm Hg 
in the isoflurane group. Baseline CO was 265 (20) mi min” in the 
control group, 285 (16) ml min” in the enflurane group and 286 
(11) ml min” in the isoflurane group. Baseline HR was 239 (11) 
beat min” in the control group, 252 (6) beat min“ im the enflurane 
group and 290 (5) beat min” in the isoflurane group. Occl.=Time 
of coronary occlusion; Drug=ume of anaesthenc administration 
*P<0.05 vs control group. 


During the reperfusion period, the reduction in 
LVPSP (to 87% of baseline) and CO (to 85% of 
baseline) at 15 min of reperfusion remained 
unchanged in the untreated controls. Administration 
of 1.0 MAC of the volatile anaesthetics during the 
first 15 min of reperfusion caused a further decline in 
LVPSP to 39-54% of baseline values (all P<0.05 
compared with the control group). Simultaneously, 
CO decreased in the enflurane group (54% of base- 
line values) and in the isoflurane group (53% of base- 
line values) (both P<0.05 compared with the control 
group). In the sevoflurane and desflurane groups, 
CO was reduced to a much smaller extent and was 
not significantly different from the control group 
(sevoflurane group 67% (P=0.39); desflurane group 
79% of baseline values (P=0.98)). SVR was reduced 
in all treatment groups. With regard to diastolic func- 
tion during reperfusion, the time constant of 
decrease in isovolumic LV pressure remained pro- 
longed to the same extent as during the occlusion 
period in the control group, while administration of 
the inhalation anaesthetics further prolonged t. At 
15 min of reperfusion, dP/dtmin was reduced signifi- 
cantly in all treatment groups, while there were no 
differences in LVEDP between treatment and con- 
trol groups. 

After discontinuation of the volatile anaesthetics, 


908 





Reperfusion 




















2 
5 1 
N 
o 
2 
— 
(e3 
z 
a 
; ne 
T 
= 
D 
7] 
is] 
a 
w 
(o} 
£ 
O 
ta] 

0 -r T T ie cg T 
£1004 it et, 
3 
[>] 
= @ Control 
6 504 © Desflurane 
ka a Sevoflurane 
T 

0-4 | m E | T T 

-30 0 30 80 90 120 
Time (min) 


Figure 2 Line plot showing the time course of left ventricular peak 
systolic pressure (LVPSP), cardiac output (CO) and heart rate 
CHR) duming experiments in the control, sevoflurane and 
desflurane groups. Data are percentage changes (SEM) from 
baseline. Baseline LVPSP was 115 (3) mm Hg in the sevoflurane 
group and 111 (2) mm Hg m the desflurane group (each n=10). 
Baseline CO was 269 (14) ml min` in the sevoflurane group and 
275 (13) mi min” in the desflurane group. Baseline HR wes 279 (7) 
beat min” in the sevoflurane group and 286 (7) beat min” in the 
desflurane group Occl.=Time of coronary occlusion; Drug=tume 
of anaesthetic administration. *P<0.05 vs control group. 


haemodynamic variables recovered to values not dif- 
ferent from controls, except for enflurane-treated 
animals, which had a lower LVPSP at 30 min of 
reperfusion (fig. 1). 

After 120 min of reperfusion, LVPSP was reduced 
by approximately 35% of baseline in all groups and 
dP/dtmax was reduced by 35-59% of baseline values 
at the end of the reperfusion period, still reflecting 
impaired myocardial function in all groups at the end 
of the experiments. Heart rate after 120 min of reper- 
fusion was reduced by 8% of baseline values in the 
control group and by approximately 15% in the 
treatment groups, with no significant differences 
compared with controls except for the isoflurane 
group, in which heart rate was reduced by 20% of 
baseline (P<0.05). As a consequence of the reduc- 
tion in heart rate and LVPSP, RPP was reduced by 
36-50%, with no significant differences between the 
control and treatment groups. t was prolonged to a 
greater extent in the enflurane group (P<0.05), while 
simultaneously, LVEDP increased by 75% in this 
group (P=0.06 compared with the control group). 


INFARCT SIZE 


Mean LV weight was 5.12 (0.13) g, with no differ- 
ences between groups (data from individual groups 
are given in table 3). The ischaemic—reperfused area 
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(area at risk) constituted 30.9 (1.1)% of LV. In the 
control group, infarct size was 48.8 (4.7)% of the 
area at risk (fig. 3). Infarct size was markedly reduced 
in the desflurane group (32.5 (3.3)% of the area at 
risk; P=0.021 vs control) and in the sevoflurane 
group (35.9 (1.9)%; P=0.097 vs control). In the 
enflurane-treated animals, infarct size was 38.7 
(4.9)% (P=0.272 vs control). Isoflurane did not 
influence infarct size (47.5 (4.8)%; P=1.000 vs con- 
trol). The relationship between the area at risk size 
and the amount of infarcted tissue is shown in figure 
4. The slope of the regression line relating infarct size 
and area at risk size was markedly reduced in the 
sevoflurane (0.24 (0.10)) and desflurane (0.39 
(0.18)) groups compared with the control group 
(0.78 (0.11)). In enflurane-treated hearts, the slope 
was 0.65 (0.15), and in isoflurane treated hearts it 
was 0.74 (0.20). Analysis of variance of multiple 
regressions followed by analysis of covariance 
showed no significant differences between groups 
(P=0.139). 


Discussion 


The main finding of our study was that inhalation of 
desflurane and sevoflurane during the first 15 min of 
reperfusion reduced infarct size after regional 
myocardial ischaemia in the rabbit heart in vivo. 
Enflurane offered only marginal protective effects 
and isoflurane had no effect on infarct size. 
Haemodynamic changes during reperfusion were 
smaller during administration of sevoflurane and 
desflurane compared with inhalation of enflurane or 
isoflurane. 


CRITIQUE OF METHODS 


Eight animals in the control group came from a pre- 
vious study.* Infarct size in the in situ rabbit heart has 
been shown to vary over a wide range.” Control 
groups between studies should only be compared 
with each other if experimental conditions such as 
duration of coronary artery occlusion, pericardial 
temperature and anaesthetic regimens are similar, 
because all of these conditions may influence infarct 
size in rabbits." We used chloralose for basal anaes- 
thesia because it maintains near normal cardiovas- 
cular reflexes accompanied by a high sympathetic 
tone.” There are no studies investigating infarct size 
in rabbits using chloralose anaesthesia and the same 
duration of ischaemia and reperfusion. To prevent an 
increase in type I error by repeated use of the same 
controls, the two treatment groups of the previous 
study were included in the statistical evaluation. 
Therefore, the use of eight animals from a previous 
control group should not have produced false posi- 
tive results. Group size was greater in this study than 
in our previous study because more animals were 
necessary to detect differences between groups if 
seven groups were studied. 

To exclude the influence of the area at risk size on 
infarct size,” we analysed the relationship between 
the mass of the area at risk and infarct mass. From 
figure 4 it is apparent that desflurane and sevoflurane 
reduced the slope of the regression line compared 
with the control group, indicating myocardial protec- - 
tive actions on reperfusion injury. However, analysis 
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Table 2 Haemodynamic variables during ischaemia—reperfusion experiments. Data are mean (SEM). LVEDP = Left ventricular end- 
diastolic pressure; dP/dtmax = maximum rate of left ventricular pressure increase; SVR = systemic vascular resistance; RPP = rate pressure 
product; t = time constant of decrease in isovolumic left ventricular pressure. *P<0.05 compared with control group; }P<0.05 compared 
with baseline conditions 














Coronary occlusion Reperfusion 
Baseline 5 min 25 min 5 min 15 min 30 mm 120 min 
LVEDP (mm Hg) (%) (%) (%) (%) (%) (%) 
Control 7.7 (0.7) 145 (9) 142 (8) 148 (11) 146 (8) 134 (8) 107 (15) 
Enflurane 7.7 (0.9) 169 (33) 149 (22) 131 (11) 137 (13) 142 (11) 175 (29) 
Isoflurane 6.1 (0.5) 162 (12) 179 (17) 147 (8) 152 (15) 165 (19) 143 (14) 
Desflurane 5.9 (0.5) 137 (9) 112 (18) 139 (12) 127 (10) 120 (10) 113 (7) 
Sevoflurane 6.5 (0.5) 127 (8) 137 (10) 131 (9) 129 (9) 136 (9) 121 (8) 
dP¥dmmax (mm Hg s”) (%) (%) (%) (%) (%) 
Control 4788 (353) 84 (3) 78 (6) 66 (3)t 72 (3) 70 (2)t 56 (Dt 
Enflurane 5308 (334) 80 (4) 75 (5)t 29 (3)*+ 26 (3)*t 51 (6)t 39 (F 
Isoflurane 6341 (351) 93 (4) 86 (7) 32 (7)* F 29 (5)*} 58 (8)t 42 (9)t 
Desflurane 5240 (267) 95 (3) 95 (5) 48 (5)t 41 (4)*} 73 (6)T 49 (5)t 
Sevoflurane 5509 (219) 88 (6) 95 (3) 51 (6)t 37 (6)*t 84 (7) 53 (4)t 
SVR (mm Hg min litre“) (%) (%) (%) (%) (%) 
Control 336 (31) 105 (3) 99 (4) 99 (3) 96 (3) 94 (3) 79 (7) 
Enflurane 306 (20) 104 (8) 98 (14) 48 (8)*} 40 (6)*+ 71 (12) 54 (10)t 
Isoflurane 374 (16) 103 (4) 100 (4) 45 (4)* f 45 (6)*+ 78 (5) 57 (Dt 
Desfturane 365 (27) 102 (3) 97 (4) 51 (4)* 46 (4)* 81 (4) 68 (6) 
Sevoflurane 394 (19) 103 (6) 105 (3) 57 (3)* 49 (5)* 62 (3) 96 (23) 
RPP (mm Hg min` 10’) (%) (%) (%) (%) (%) 
Control 24.5 (2.2) 92 (2) 84 (6) 82 (4) 87 (4) 83 (4) 63 (NF 
Enflurane 26.4 (1.7) 91 (5) 98 (14) 48 (8)*t 39 (6)*} 71 (12)t 55 (10)t 
Isoflurane 35.1 (0.9) 93 (2)* 97 (11) 45 (7)*t 37 (6)*t 71 (8)t 50 (7)t 
Desfiurane 31.8 (1.2) 96 (2)* 98 (8) 66 (11)t 56 (9)*t 86 (11) 56 (8)t 
Sevoflurane 32.0 (1.2) 92 (4)* 96 (3) 64 (7)t 46 (7)*F 89 (5) 61 (Dİ 
Tt (ms) (%) (%) (%) (%) (%) 
Control 16.4 (1.6) 118 (6) 120 (7) 122 (8) 121 (5) 115 (4) 138 (15)t 
Enflurane 15.2 (0.8) 128 (9) 124 (6) 227 (46)*+ 197 (22)+ 159 (25) 191(12)*¢ 
Isoflurane 12.4 (0.5) 123 (4) 140 (18) 204 (31)t 244 (35)*t 134 (15) 160 (12)t 
Desflurane 12.6 (0.5) 118 (6) 118 (6) 140 (15) 160 (20)+ 123 (10) 151 (8)t 
Sevofturane 13.6 (0.7) 124 (8) 115 (5) 136 (12) 231 (48)*t 104 (5) 137 (9)t 
Table 3 Weights and area at risk size. Data are mean (SEM). LV = Left ventricle 
Control Enflurane Isoflurane Sevoflurane Desflurane 
Body weight (kg) 3.69 (0.08) 3.50 (0.12) 3.65 (0.09) 3.43 (0.07) 3.89 (0.18) 
LV weight (g) 5.23 (0.36) 4.97 (0.31) 5.15 (0.36) 4.67 (0.34) 4.99 (0.26) 
Area at risk (g) 1.66 (0.17) 1.51 (0.15) 1.50 (0.12) 1.45 (0.10) 1.32 (0.11) 
Area at risk /LV (%) 32.9 (3.34) 28.9 (2.02) 31.1 (2.22) 35.8 (2.32) 29.3 (1.74) 
Infarct srze (g) 0.85 (0.14) 0.62 (0.12) 0.76 (0.10) 0.52 (0.04) 0.43 (0.07) 


of variance for differences between regression slopes 
did not confirm this as statistically significant with 
seven experimental groups. 

Heart rate, and consequently RPP, were higher in 
the isoflurane, desflurane and sevoflurane groups 
compared with the control group during baseline 
measurements. Because dP/dt and t are influenced by 
HR, comparison of these variables between groups is 
difficult. However, differences in HR should not be 
responsible for the reduction in infarct size in the 
sevoflurane and desflurane groups, because brady- 
cardia but not tachycardia has been demonstrated to 
offer beneficial effects against myocardial ischaemia— 
reperfusion injury.”™ 


INTERPRETATION OF RESULTS 


Coronary artery reperfusion has become the treat- 
ment of choice in myocardial infarction. While there 
is no question that timely restoration of coronary 
blood flow is essential for the salvage -of ischaemic 
myocardium, reperfusion of ischaemic myocardium 
after temporary coronary artery occlusion can initi- 


ate structural and biochemical changes that limit the 
amount of potentially salvageable myocardium 
(reperfusion injury).’ The cause of this injury is 
apparently multifactorial. 

A protective effect of inhalation anaesthetics on 
ischaemic-reperfused myocardium may be caused by 
negative inotropic and chronotropic actions. The 
inhalation anaesthetics, halothane, enflurane and 
isoflurane, have been shown to depress myocardial 
contractility in a dose-dependent manner. Under 
aerobic conditions, isoflurane may depress myocar- 
dial contractility less than halothane or enflurane”” 
and halothane exerts most pronounced negative 
inotropic actions during post-ischaemic periods.” 
For the new anaesthetics, in vivo studies showed 
comparable cardiovascular effects of sevoflurane and 
isoflurane.” Desflurane had similar haemodynamic 
effects as isoflurane in patients with coronary artery 
disease, except for an increase in pulmonary arte 
pressure and pulmonary capillary wedge pressure.” 
In reperfused isolated rat hearts, the effects of isoflu- 
rane, enflurane and sevoflurane on cardiovascular 
haemodynamics were similar.” The aim of our study 
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Figure 3 Infarct size as a percentage of the area at risk in the 
control, isoflurane, enflurane, sevoflurane and desflurane groups. 
Open symbols=single data points, filled symbols=mean (SEM). 


was to investigate the effects of volatile anaesthetics 
on reperfusion injury in vivo. To exclude effects of 
volatile anaesthetics on the severity of ischaemia, we 
used a-chloralose for baseline anaesthesia and the 
volatile anaesthetics were administered only during 
early reperfusion to investigate specific actions 
against reperfusion injury. However, it is possible that 
alterations of systemic haemodynamics during the 
first 15 min of reperfusion also had effects on infarct 
size. Left ventricular unloading and a reduction in 
myocardial oxygen demand have been associated 
with beneficial effects against myocardial reperfusion 
injury.” LVPSP was reduced in all treatment groups, 
but was most pronounced in the enflurane and 
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isoflurane groups. RPP is a variable of myocardial 
energy demand and oxygen consumption.” In our 
study, RPP decreased to a greater extent in the enflu- 
rane and isoflurane groups than in animals treated 
with sevoflurane or desflurane. However, reduction 
in infarct size in our study was greater using sevoflu- 
rane or desflurane than in animals which received 
enflurane or isoflurane. In the same experimental set- 
up, halothane offered pronounced protective effects 
against reperfusion injury even if the haemodynamic 
side effects were balanced by concomitantly infused 
norepinephrine (noradrenaline).* 

It cannot be completely ruled out that favourable 
changes in myocardial inotropy and myocardial 
oxygen supply and demand relations during the first 
15 min of reperfusion have contributed to protective 
effects against reperfusion injury. However, it is 
unlikely that they are solely responsible for the benefi- 
cial actions of sevoflurane and desflurane in this set- 
ting, and this supports the hypothesis that volatile 
anaesthetics also cause myocardial protection via other 
mechanisms. In isolated rat hearts perfused in a 
Langendorff mode, an experimental set-up where 
changes in haemodynamics play only a minor role, 
rapid recovery of post-ischaemic function was observed 
in desflurane-treated hearts.** After treatment with the 
other volatile anaesthetics, the hearts showed slower 
recovery of myocardial function, although all anaes- 
thetics improved myocardial function after 60 min of 
reperfusion compared with control hearts. 

With regard to lethal cellular injury, determined by 
creatine kinase release, these experiments showed 
that isoflurane had no effect on early lethal cellular 
injury compared with controls.*” This is in accor- 
dance with our experiments i vivo, which showed no 
reduction in infarct size in isoflurane-treated animals 
compared with the control group. An increase in 
creatine kinase release after discontinuation of 
sevoflurane was observed in isolated rat hearts.’ In 
vivo, there was a marked reduction in infarct size 
after inhalation of sevoflurane. These differences may 
suggest differences in early and late protection 
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Figure 4 Scatterplot of the relationship between infarct size and size of the area at risk. Slopes of regression lines were 
smaller in the sevoflurane and desflurane groups compared with the control group. Control group, y=0.78 (SEM 0.11) 
x—0.44 (0.19), sevoflurane group, y=0.24 (0.10) x-0.17 (0.14); desflurane group, y=0.39 (0.18) x—0.09 (0.25); 
enflurane group, y=0.65 (0.15) x-0.37 (0.24); isoflurane group, y=0.74 (0.20) x—0.39 (0.31). 
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against myocardial reperfusion injury by volatile 
anaesthetics. 

Inhalation of anaesthetic was started 3 min before 
the end of coronary artery occlusion to ensure that a 
stable concentration of the anaesthetic was achieved at 
the start of reperfusion. Takahata, Ichihara and Ogawa 
demonstrated that sevoflurane attenuated ischaemic 
myocardial injury, an anti-ischaemic effect that could 
not be explained solely in terms of the haemodynamic 
actions of sevoflurane.” Isoflurane has been shown to 
exert protective effects if applied during ischaemia and 
reperfusion, despite maintenance of heart rate and 
arterial pressure at control values.” Because the rabbit 
has virtually no collateral circulation” and the volatile 
anaesthetics were administered for only 3 min during 
ischaemia, it is unlikely that a potential anti-ischaemic 
effect of volatile anaesthetics contributed to differ- 
ences in infarct size. Volatile anaesthetics were titrated 
to achieve an end-tidal concentration corresponding 
to 1.0 MAC for rabbits. In clinical situations, compari- 
son of volatile anaesthetics is performed using MAC 
values. Although the inhalation anaesthetics were 
administered 3 min before reperfusion, it is possible 
that steady state myocardial tissue concentrations had 
not been achieved. Differences in myocardial 
tissue concentrations during the early reperfusion 
period could not be excluded. However, the most 
lipophilic substance (halothane) and the least 
lipophilic substance (sevoflurane) caused similar 
reductions in infarct size.* 

Apart from effects on systemic haemodynamics, 
other mechanisms have been proposed to offer 
potential protective effects against reperfusion injury. 
Beneficial alterations in intracellular calcium homeo- 
stasis,” actions on activated leucocytes and effects on 
oxygen-derived free radicals can attenuate reperfu- 
sion injury.’ Volatile anaesthetics have been shown to 
influence, at least in part, sarcoplasmic reticulum 
function” *' and adhesion of leucocytes in the coro- 
nary system.” The protective effect of sevoflurane 
and desflurane observed in our study might be 
caused in part by actions on these cellular mecha- 
nisms. However, the exact mechanism of protection 
cannot be determined in the model used. 

Because of increasing clinical use of thrombolysis, 
percutaneous balloon angioplasty and coronary 
bypass surgery, it is of great practical interest to deter- 
mine if additional therapeutic intervention during the 
ischaemia—reperfusion period can lead to a reduction 
in ischaemia—reperfusion injury. Accumulated experi- 
mental evidence from in vitro and in vivo studies for 
protective effects of volatile anaesthetics should lead 
to clinical studies investigating effects of volatile 
anaesthetics on myocardial reperfusion injury. 

In summary, we have shown that inhalation of 
sevoflurane and desflurane during the early reperfu- 
sion period reduced myocardial reperfusion injury 
after coronary artery occlusion in vivo, while enflu- 
rane showed only marginal protective effects and 
isoflurane offered no protection. In addition, the two 
new volatile anaesthetics altered systemic haemo- 
dynamics less than isoflurane and enflurane. 
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Effects of halothane, enflurane, isoflurane, sevoflurane and desflurane 
on myocardial reperfusion injury in the isolated rat heart 


W. SCHLACK, B. PRECKEL, D. STUNNECK AND V. THAMER 


Summary 

A specific action against myocardial reperfusion 
injury of the oxygen paradox type was recently 
characterized for halothane after anoxic perfusion 
in isolated rat hearts and isolated cardiomyocytes. 
In this study, we have characterized the protective 
effects of the clinically available inhalation anaes- 
thetics during reperfusion after ischaemia. In iso- 
lated, isovolumically beating rat hearts perfused at 
a constant flow (10 ml min”, Po, 80 kPa) and paced 
at 350 beat min’, we determined left ventricular 
developed pressure (LVDP) and release of creatine 
kinase (CKR) as indices of myocardial perfor- 
mance and cellular injury, respectively. Seven con- 
trol hearts underwent 30 min of no-flow ischaemia 
and 1 h of reperfusion. In the treatment groups, 
halothane, enflurane, isoflurane, sevoflurane or 
desflurane (each group n=6) was added to the per- 
fusion medium for the first 30 min of reperfusion 
at a concentration corresponding to 1.5 MAC in 
the rat. In the control group, cellular injury 
occurred at early reperfusion (peak CKR 283 (sem 
57) iu litre’ at 10 min of reperfusion). Peak CKR to 
the coronary venous effluent was attenuated by all 
anaesthetics (halothane group 156 (45), enflurane 
group 134 (20), sevoflurane group 132 (20), des- 
flurane group 159 (25) iu litre’; each P<0.05). 
Isoflurane did not differ from controls (303 (53) iu 
litre’; P=0.5). In the sevoflurane group, there was a 
delayed peak CKR after discontinuation of the 
anaesthetic at 30 min of reperfusion (260 (34) iu 
litre’). Functional recovery was improved by all 
anaesthetics, but was seen much earlier with des- 
flurane (LVDP 28 (3)% of baseline at 5 min reperfu- 
sion compared with halothane (6 (1)%), enflurane 
(11 (3)%), isoflurane (9 (6)%), sevoflurane (10(2)%) 
and controls (3 (1)% of baseline)). At 30 min of 
reperfusion, recovery of LVDP was improved to a 
similar extent by all anaesthetics (halothane 30 
(9)%, enflurane 36 (9)%, isoflurane 33 (5)%, 
sevoflurane 30 (5)%, desflurane 36 (4)% of base- 
line values) compared with controls (13 (5)%; each 
P<0.05). All inhalation anaesthetics protected 
against myocardial reperfusion injury, but showed 
differences in attenuation of cellular injury and 
functional recovery. These differences may sug- 
gest different protective mechanisms. (Br. J. 
Anaesth. 1998; 81: 913-919). 


Keywords: anaesthetics volatile, halothane; anaesthetics 
volatile, enflurane; anaesthetics volatile, isoflurane; anaes- 
thetics volatile, sevoflurane, anaesthetics volatile, desfiu- 
rane; heart, myocardial function, model, heart; rat 


It was reported recently that cardioprotection by 
halothane in isolated anoxic—reoxygenated rat hearts 
was much more pronounced if the substance was 
administered after the period of anoxic perfusion 
(during reoxygenation) than if given during the 
anoxic period itself.’ From these findings it was con- 
cluded that, apart from displaying anti-ischaemic 
effects, halothane may have a specific effect on reper- 
fusion ınjury. This protective effect was also con- 
firmed tn vivo in a rabbit model of coronary artery 
occlusion and subsequent reperfusion.” One MAC of 
halothane given during the initial 15 min of reperfu- 
sion caused a 38% reduction in infarct size, even if 
the haemodynamic effects were counteracted by i.v. 
norepinephrine (noradrenaline). Using the model of 
anoxic-reoxygenated isolated cardiomyocytes, it was 
possible to confirm a protective effect against reper- 
fusion injury of the “oxygen paradox” type and to 
study the underlying protective mechanism." 
Halothane 1.5 MAC given during reoxygenation pre- 
vented reoxygenation-induced intracellular Ca” 
oscillations which are responsible for cellular hyper- 
contracture and cell death at early reperfusion.“ 
Therefore, the above cited studies strongly suggest a 
specific protective mechanism of halothane against 
reperfusion injury in the heart. 

We hypothesized that other inhalation anaesthetics 
may have similar effects on the ischaemic—reperfused 
myocardium. Therefore, the aim of this study was to 
describe the effects of the currently available inhala- 
tion anaesthetics, halothane, enflurane, isoflurane, 
sevoflurane and desflurane, on myocardial reperfu- 
sion injury after ischaemia. We used an isolated rat 
heart model with 30 min of no-flow ischaemia and 
1 h of reperfusion and supplied the inhalation anaes- 
thetics for the first 30 min of reperfusion. In this 
model, extrinsic humoral and autonomic nervous 
system influences were excluded and ventricular 
volume, coronary flow and heart rate were kept 
constant. 


Materials and methods 


The study was performed in accordance with the reg- 
ulations of the German Law for the Protection of 
Animals and local institutional regulations. 
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EXPERIMENTAL PREPARATION 


Hearts from male Wistar rats (weighing 250-300 g), 
anaesthetized with halothane, were excised rapidly 
and mounted on a Langendorff perfusion system. 
Retrograde perfusion was initiated with an oxy- 
genated modified Krebs—Henseleit buffer containing 
(mmol litre’): NaCl 116, KCl 4.7, MgSO, 1.1, 
KH,PO, 1.17, NaHCO, 24.9, CaCl, 2.52, glucose 
8.3 and pyruvate 2.0; gassed with 95% oxygen—5% 
carbon dioxide. Flow in the system was controlled by 
two calibrated roller pumps (Model 7518, Cole- 
Parmer Instruments, IL, USA). After ligating both 
venae cavae, the right ventricle was vented via the 
pulmonary artery with a Teflon catheter (1.2 mm 
od). Heart rate was maintained at 350 beat min” by 
atrial pacing. The stimulation voltage was maintained 
at 20% above threshold (control 2-4 V) and adjusted 
continuously throughout the experiment (up to 12 V 
in reperfused hearts, if necessary). After completion 
of the experimental preparation, the heart was placed 
in a water-jacketed chamber at 37°C, filled with 
humidified, warmed air. The hearts were perfused at 
a flow rate of 10 ml min” which was kept constant 
throughout the perfusion period. During ischaemia, 
the heart chamber was filled with normal saline to 
maintain heart temperature at 37°C and gassed with 
nitrogen to prevent oxygen supply to the ischaemic 
myocardium by diffusion. In order to ensure the 
presence of the inhalation anaesthetic with the onset 
of reperfusion, the hearts were perfused for the last 
2 min of the ischaemic period with anoxic buffer 
equilibrated with 95% nitrogen—-5% carbon dioxide 
containing the different inhalation anaesthetics in the 
concentrations specified below or buffer alone (con- 
trols) at a flow rate of 2 ml min”. Reperfusion 
was then initiated by switching back to the initial 
normoxic perfusion conditions. 

For administration of 1.5 MAC of halothane, 
enflurane and isoflurane, a saturated solution was 
prepared in the perfusion buffer at 22°C and infused 
into the perfusion system near the aortic cannula at 
appropriate fractions of total coronary flow in order 
to achieve final concentrations of 0.45, 0.96 and 0.47 
mmol litre”, respectively, using a calibrated syringe 
pump (Model 5003, Precidior Infors, Basel, 
Switzerland). For the 2-min anoxic perfusion, the sat- 
urated solution was prepared in the anoxic buffer. For 
sevoflurane administration, the saturated solution was 
prepared using distilled water. During administration 
of sevoflurane, a more concentrated buffer was used 
so that the final concentration of solutes was not 
altered and the final sevoflurane concentration was 
0.71 mmol litre’. Only glass or Teflon tubing was in 
contact with the perfusion medium containing inhala- 
tion anaesthetics. Desflurane was supplied to the 
perfusion medium using a calibrated vaporizer 
(Devapor, Drager Werke, Liibeck, Germany) using a 
hollow fibre oxygenator (D705 Midflow, DIDECO, 
Mirandola, Italy) to achieve a perfusate concentration 
of 1.0 mmol litre”. Concentrations of the inhalation 
anaesthetics were determined in the saturated solu- 
tions by gas chromatography. 


Haemodynamic measurements 


For measurements of left ventricular pressure, a latex 
balloon (size No. 4, Hugo Sachs Elektronik, March, 
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Germany) was introduced into the left ventricle via 
the cut mitral valve. The balloon was fixed at the tip 
of a stainless steel cannula (length 5.9 cm) which was 
connected directly to a pressure transducer (Gould 
P23, Cleveland, OH, USA). Left ventricular pres- 
sure, and (by electronic differentiation) the velocity 
of the change in left ventricular pressure (dP/dt) were 
monitored continuously on an ink recorder (Gould, 
Mark 260, Cleveland, OH, USA). At the beginning 
of each experiment, the latex balloon was filled with 
normal saline (air-bubble free) to achieve an end- 
diastolic left ventricular pressure of 5 mm Hg. This 
volume was then held constant for the rest of the 
experiment. Left ventricular pressure and coronary 
perfusion pressure signals were digitized at a sam- 
pling rate of 2000 Hz using an analogue to digital 
converter (Data Translation 2801, Marlboro, MA, 
USA) and then processed on a personal computer 
system. Left ventricular end-diastole was determined 
as the point when left ventricular dP/dt started its 
rapid upstroke after crossing the zero line. Left ven- 
tricular end-systole was defined as the point of mini- 
mum dP/dt.” Left ventricular end-diastolic pressure 
(LVEDP), developed pressure (LVDP), maximum 
and minimum dP/dt (dP/dimax and dP/damnin) were 
obtained from the digitized signals. Only hearts with 
an LVDP greater than 70 mm Hg during the initial 
control period were used for the study. 


Metabolic measurements 


Aliquots from the perfusion medium and the 
coronary venous effluent perfusate were sampled 
anaerobically at the times indicated. Samples were 
processed immediately for Po, measurements 
(ABL 30, Radiometer, Copenhagen, Denmark). 
Oxygen consumption (,) was calculated according 
to Fick’s principle with the use of Bunsen’s solubility 
coefficient (&’=0.036 pl mm Hg” ml’) at 37°C as 
follows: 


Vo, (ul min”)=(Pa,.—P¥,,) œ CF 


where Pa, =arterial PO,, P¥,=venous PO, (kPa) and 
CF=coronary flow (ml min”). 

For determination of creatine kinase (CK) release, 
l-min samples of the effluent were collected at the 
times indicated (fig. 1). CK activity was measured 
with an “optimized standard method” according to 
the recommendations of the Deutsche Gesellschaft 
für Klinische Chemie (CK test, Boehringer, 
Mannheim, Germany). 


EXPERIMENTAL PROGRAMME 


After mounting the heart on the Langendorff appara- 
tus, a preparation and stabilization period of 30 min 
was allowed. The experimental procedure consisted 
of three phases: baseline, ischaemia and reperfusion 
(fig. 1). After a 15-min baseline period with steady 
state conditions and control measurements of all 
experimental variables, the hearts underwent 30 min 
of no-flow ischaemia. After the ischaemic period, the 
hearts were reperfused with the initial oxygenated 
medium. The inhalation anaesthetics were added to 
the perfusion medium to achieve concentrations cor- 
responding to 1.5 rat MAC during the first 30 min of 
reperfusion starting with a 2-min anoxic wash-in of 
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the agents (each n=6). Seven hearts served as con- 
trols and underwent the ischaemia—reperfusion pro- 
gramme without intervention. Five hearts received 
the different inhalation anaesthetics (except 
halothane) in a randomized order for 5 min during 
normoxic perfusion conditions for assessment of the 
haemodynamic effects on normal myocardium in 
this experimental model. After each agent, 15 min 
were allowed for full recovery of all haemodynamic 
variables. The data for halothane on normal 
myocardium of the rat were taken from a previous 
study.’ 


DATA ANALYSIS 


Data are presented as mean (SEM). The effects of 
inhalation anaesthetics on normal myocardium were 
assessed by Student’s t test for paired observations. 
In the ischaemia-reperfusion experiments, statistical 
analysis was performed using two-way analysis of 
variance (ANOVA) for time and treatment (experi- 
mental group) effects. If an overall significant differ- 
ence between groups was found, a comparison was 
performed for each time using one-way ANOVA 
followed by Dunnetts’s post-test when appropriate. 


Results 


A total of 54 hearts were used. Fourteen hearts 
did not fulfill the predefined quality criteria (VDP 
>70 mm Hg) and were excluded. 


HAEMODYNAMIC FUNCTION 


Basal values and effects of the inhalation anaesthencs on 
normal myocardium 


In five hearts, enflurane, isoflurane, sevoflurane and 
desflurane were given in a randomized order at a 
concentration corresponding to 1.5 MAC (measure- 
ments were made after 5 min under steady state 
conditions and 15 min were allowed for recovery 
between interventions). Data for halothane (1.5 
MAC) were obtained from a previous study with 
measurements made after 15 min of steady state con- 
ditions.’ During desflurane administration, there was 
a small initial increase in LVDP and dP/dt of 10-20% 
before these variables started to decline. This initial 
increase in contractile force was observed only with 
desflurane. All inhalation anaesthetics reduced 
LVDP (halothane to 52%, enflurane to 70%, isoflu- 
rane to 65%, sevoflurane to 65% and desflurane to 
76% of baseline values, respectively) and dP/dtmax 
(halothane to 68%, enflurane to 76%, isoflurane to 
74%, sevoflurane to 68% and desflurane to 79% of 
baseline values, respectively). Simultaneously, }, 
was reduced (to a similar extent with halothane (to 
86%), enflurane (to 75%), isoflurane (to 69%) and 
sevoflurane (to 76%) but was less pronounced with 
desflurane (to 90% of baseline)) (table 1). 


End-diastolic pressure during ischaemta—reperfuston 

During ischaemia, LVEDP increased progressively in 
all groups from 5.1 (0.3) mm Hg during normoxic 
baseline conditions to 54.9 (3.0) mm Hg at the end 
of the ischaemic period, indicating the development 
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Table 1 Haemodynamic vanables. Effect of the inhalanon 
anaesthetics on normal myocardium. Data are mean (SEM), n=5 
LVDP=Left ventricular developed pressure; dP/demax=maximum 
velocity of the change ın left ventricular pressure, Vo,=myocardial 
oxygen consumption.*P<0.05, **P<0 01, ***P<0 001 compared 
with baselines 








Baseline 15 MAC 
LVDP (mm Hg) 
Halothane 99.3 (1.8) 52.0 (2 7)*** 
Isoflurane 79 8 (13 5) 51.7 (10 2)** 
Enflurane 91.9 (6.9) 64.1 (4 4)*** 
Sevoflurane 92.6 (5.5) 59 8 (7.0)** 
Desflurane 93 5 (8.0) 70.7 (6 6)* 
dP/dimax (mm Hg s`) 
Halothane 3465 (78) 2344 (78) 
Isoflurane 2689 (390) 1996 (373)** 
Enflurane 3046 (167) 2300 (169)*** 
Sevoflurane 3014 (124) 2053 (235)** 
Desflurane 3172 (153) 2519 (145)** 
Vo, (ul min”) 
Halothane 896.6 (29.5) 681 0 (21 0) 
Isoflurane 159.9 (15 1) 110.6 (12 4)*** 
Enflurane 151 2 (16.5) 114 6(18 1)*** 
Sevoflurane 139.8 (5.7) 107.4 (7 2)*** 
Desflurane 135.6 (4 4) 122 1 (4.5)** 


of ischaemic contracture. Initiation of anoxic perfu- 
sion for wash-in of the inhalation anaesthetics before 
reperfusion had no effect on LVEDP. 

With the onset of reperfusion, all groups showed a 
further increase in LVEDP (reperfusion contracture, 
table 2). All inhalation anaesthetics moderately 
improved overall LVEDP recovery during reper- 
fusion compared with controls (P<0.05 each; 
ANOVA), indicating a reduction in reperfusion con- 
tracture. After 60 min of reperfusion, LVEDP had 
recovered in all groups to similar values. 


Recovery of contractile function during reperfusion 


Figure 1 (top) shows recovery of LVDP as an index 
of contractile function. During baseline conditions, 
LVDP was similar in all groups. During reperfusion 
after ischaemia, recovery of LVDP was very poor in 
the control group, reaching only 13 (2)% of baseline 
values at 60 min of reperfusion. Administration of all 
inhalation anaesthetics resulted in improved func- 
tional recovery that was similar for all agents at 60 
min of reperfusion (33 (3)% of baseline; P<0.05). 
However, the time course of recovery was different 
for the agents: halothane, enflurane and isoflurane 
showed a similar pattern of recovery (fig. 1, top left), 
starting with a gradual recovery of LVDP during the 
initial 30 min of reperfusion when the inhalation 
anaesthetics were present, followed by a further 
increase in LVDP by 18% after anaesthetic with- 
drawal. Sevoflurane showed a similar pattern of 
recovery during the first 30 min of reperfusion, but 
there was no further functional improvement after its 
withdrawal (fig. 1, top mght). Desflurane showed a 
different pattern, reaching the final state of func- 
tional recovery within the first 2 min of reperfusion. 
Recovery of dP/dtmax as an index of myocardial 
contractility was parallelled by recovery of LVDP 
(table 2). 
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Table2 Haemodynamic variables during the ischaemia—reperfusion experiments. Data are mean (SEM), n=6. CPP=Coronary perfusion 
pressure; LVEDP=left ventricular end-diastolic developed pressure; dP/drmax=mammum velocity of the change in left ventricular pressure; 
Vo,=myocardial oxygen consumption. *P<0.05 compared with controls;}P<0.05 compared with baseline 














Reperfusion 
Inhalation anaesthetic 
Baseline 5 min 25 mm 30 min 60 min 
CPP (mm Hg) 
Control 87.1 (10.5) 105.8 (4.6) 109.2 (7.6) 111.7 (7.8) 121.6 (9.4) 
Halothane 75.2 (8.3) 93.9 (7.0) 97.2 (7.4) 101.8 (8.0) 118.8 (7.5) 
Isoflurane 72.4 (10 3) 101.9 (5.1)+ 103.8 (5.7)¢ 101.7 (5.3)t 114.5 (6.7)} 
Enflurane 75.7 (9.7) 97.0 (6.0) 99.1 (7.9) 97.3 (8.0) 114.6 (10.3)+ 
Sevoflurane 74.4 (9.2) 106.2 (4.0) 125.3 (15.6)+ 142.1 (14.7) 150.9 (16.4)t 
Desflurane 81.0 (17.3) 83.0 (3.5)* 98.7 (8.6) 105.7 (10.0) 129 5 (13.7)t 
LVEDP (mm Hg) 
Control 4.9 (0.5) 133.4 (5.)t 89.4.(4.1)+ 85.6 (4.1)¢ 78.8 (4.5) 
Halothane 4.9 (0.5) 116.7 (7.7)+ 81.4 (7.1)¢ 76.6 (8.9)¢ 83.9 (7.6)t 
Isofturane 5.5 (0.7) 115.5 (10.1)¢ 72 0 (6.4)¢ 67.2 (6.2)t 72.3 (3.3)t 
Enflurane 4.5 (0.4) 104.7 (7.8)+ 67.0 (5.6)*} 59.1 (6.4)*+ 68.8 (8.0)+ 
Sevoflurane 4.0 (0.7) 106.2 (8.5)t 68.4 (4.9)t 70.0 (2.6)+ 60.7 (4.1)t 
Desflurane 5.5 (0.5) 101.6 (4.4)*} 71.4 (3.1)t 74.3 (4.1)t 77.7 (8.2)t 
dPfdrmax (mm Hg s") 
Control 3617 (296) 680 (90)+ 839 (68)t 956 (96)t 1012 (101) 
Halothane 3237 (356) 804 (147)t 1300 (172)¢ 1717 38Dt 1339 (232)t 
Teoflurane 3115 (183) 667 (111)t 1218 (243)} 1474 (244)+ 1210 (134)} 
Enflurane 3054 (174) 670 (60)t 1265 (1157F 1730 (300)+ 1378 (248)+ 
Sevoflurane 3181 (250) 661 (62)+ 1284 (147)+ 1386 (18t 1340 (135)t 
_ Desflurane 3092 (188) 1288 (75)*+ 1754 (127)*¢ 1733 (64)+ 1457 (110)t 
Vo, (ul min”) 
Control 184.8 (9.5) 178.6 (8.6) 118.8 (14.1)t 112.1 (14.6)t 104.8 (17.3)F 
Halothane 170.7 (13.1) 161.9 (15.5) 129.0 (6.5) 157.7 (5.9) 133.6 (9.1) 
Isoflurane 161.5 (6.8) 164.8 (11.4) 111.9 (8.7)+ 130.0 (6.8) 117.6 (6.4)+ 
Enflurane 158.5 (11.9) 173.7 (5.6) 149.0 (16.8) 161.8 (9.2) 137.0 (7.7) 
Sevoflurane 149.5 (7.3) 200.7 (13.2) 168.5 (17.5) 159.3 (14.9)* 146.2 (14.6) 
Desflurane 163.6 (9.3) 171.0 (6.9) 146.9 (11.7) 139.4 (13.7) 119.3 (18.7) 
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Figure! Time course of left ventricular developed pressure (LVDP) as an index of myocardial function and creatine kinase release (CKR) 
as an index of cellular injury. Controls are the same on the left and right side of the figure. Drug=tme when 1.5 MAC of the respective 


inhalation anaesthetic was added to the perfusion medium. 


Coronary vascular resistance during reperfusion 


CPP is a direct measure of coronary vascular resis- 
tance in this experimental model because coronary 
flow was kept constant (table 2). With the onset of 
reperfusion, CPP increased to 130% of baseline in 
the control group. This initial increase in CPP after 


ischaemia was similar in the presence of halothane 
(to 125%), enflurane (to 128%), isoflurane (to 
140%) and sevoflurane (to 143%) and was absent in 
the presence of desflurane (to 102%, P<0.05 vs con- 
trol). In all groups, there was a further progressive 
increase in CPP during the reperfusion period which 
was most pronounced in the sevoflurane group. 


Inhalation anaesthetics and reperfusion injury in vitro 
METABOLIC MEASUREMENTS 


Creatine kinase 


CK activity in the coronary venous effluent was 
determined as an index of cellular injury (fig. 1, bot- 
tom). In the control group, CKR increased rapidly 
during the early reperfusion period with a peak value 
of 283 iu litre” at 10 min of reperfusion. This initial 
peak CKR was markedly attenuated by halothane, 
enflurane, sevoflurane and desflurane (to 42%, 45%, 
47% and 39% of the peak CKR in the untreated con- 
trols). Isoflurane had no effect on initial cellular 
injury and peak CKR was similar to that of controls 
(107% of controls). Although sevoflurane markedly 
attenuated the early peak CKR, a delayed peak CKR 
occurred immediately after removal. 


Oxygen consumption 


During baseline conditions, Wo, was not different 
between groups. With the onset of reperfusion, 4, of 
the reperfused myocardium was as high as during 
baseline conditions in all groups, despite the 
markedly reduced contractile state. In the control 
group, , then rapidly declined during reperfusion 
to 56% of baseline at the end of the reperfusion 
period (P<0.05). In the groups treated with inhala- 
tion anaesthetics, 16, during reperfusion tended to 
be higher than in untreated controls, but also 
declined during reperfusion in the halothane (to 
78%), isoflurane (to 72%) and enflurane groups (to 
86% of baseline at 60 min of reperfusion). 1, 
remained at the pre-ischaemic baseline level in the 
sevoflurane group (97% of baseline at 60 min of 
reperfusion) (table 2). 


Discussion 


The main finding of our study was that all inhalation 
anaesthetics offered some protective effect against 
reperfusion injury in the heart. However, there were 
differences in the effects on cellular injury (which was 
attenuated by all anaesthetics except isoflurane) and 
functional recovery (which was improved by all 
agents to a similar degree, but with a different time 
course). These differences suggest different protective 
mechanisms, which have to date been characterized at 
a cellular level for only halothane. 


critique of methods 


Five hearts received four different inhalation anaes- 
thetics each for assessment of the haemodynamic 
effects on normal myocardium in this experimental 
preparation. Although these interventions were made 
in a randomized order, effects of previous exposure 
to a different anaesthetic cannot be excluded. 
However, the data confirm a myocardial depressant 
effect of all anaesthetics in this preparation. 

Our study used an isolated buffer perfused heart 
model, which has the advantage of excluding most 
haemodynamic and humoral side effects of inhala- 
tion anaesthetics. But a myocardial depressant effect 
of the anaesthetics was observed in the present model 
and was shown by a reduction in LVDP and 
dP/dtmax in non-ischaemic hearts. However, during 
reperfusion, LVDP was higher in most of the treat- 
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ment groups compared with controls, which makes it 
unlikely that changes in ventricular pressure were 
responsible for the protective effect. While the experi- 
mental model of our study was designed to assess 
direct myocardial effects of inhalation anaesthetics 
on reperfusion injury, at the same time it excluded 
several mechanisms that may also be important in 
the im vwo situation of ischaemia and reperfusion, 
such as changes in global haemodynamics and sym- 
pathetic nervous system activity, and activation of 
neutrophils in reperfused myocardium (for review 
see Mullane and Young’). Consequently, the effect of 
the inhalation anaesthetics in vivo may be different 
from what was observed in our study. For halothane, 
isoflurane and sevoflurane it has been shown that 
they can reduce post-ischaemic accumulation of neu- 
trophils in reperfused myocardium,’ which may be an 
important protective mechanism 17 vivo. 

As the danger of impeding hypercontracture in the 
reoxygenated myocardium is evoked by reactivation 
of mitochondrial energy production,” a protective 
agent should be present in the myocardium at the 
onset of reoxygenation. Therefore, we started the sup- 
ply of the inhalation anaesthetics with a 2-min anoxic 
wash-in before reperfusion with the oxygenated 
buffer. During anoxic perfusion there was no change 
in LVEDP as an index of myocardial contracture, 
while LVEDP increased immediately with the onset 
of reperfusion with oxygenated buffer. In a previous 
study we have shown that during anoxic perfusion, 
there is no significant CK release, indicating the 
absence of lethal cellular injury at this time.’ Thus it is 
unlikely that this short period of anoxic perfusion 
itself had an effect on ischaemia~reperfusion injury in 
this study. In addition, the control hearts also under- 
went a similar anoxic perfusion programme as the 
treatment hearts. 


INTERPRETATION OF RESULTS 


Reperfusion of myocardium after a prolonged period 
of ischaemia initiates cellular and biochemical changes 
which reduce the amount of potentially salvageable 
myocardium and impair the contractile function of the 
surviving myocardium (“reperfusion injury”). The 
term “lethal reperfusion injury” was introduced for the 
irreversible deterioration of myocardium that can be 
avoided by modifications of the conditions of reperfu- 
sion.” If the preceding ischaemia is less severe, reper- 
fusion results in a reversible state of non-lethally 
injured myocardium showing contractile dysfunction: 
“myocardial stunning”.” 

For halothane, a specific protective effect against 
reperfusion injury had been demonstrated that can 
be separated from its anti-ischaemic effects.’ Several 
studies have described protective effects of enflurane 
and isoflurane in ischaemia—reperfusion situations: 
enflurane and isoflurane improved post-ischaemic 
functional recovery of isolated hearts after cardio- 
plegic arrest,” after hypoxic perfusion (isoflurane) *, 
after global ischaemia (enflurane,” isoflurane)“ and 
after 1-day hypothermic preservation (isoflurane).”” 
In vivo, attenuation of myocardial stunning was 
found for isoflurane in dogs.'*” However, from these 
studies, it was not possible to distinguish anti- 
ischaemic effects from effects on myocardial reperfu- 
sion injury because in these studies the inhalation 
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anaesthetics were given before the onset of ischaemia 
or during the ischaemic period. In the in vivo studies, 
the haemodynamic effects of the inhalation anaes- 
thetics (i.e. a reduction in sympathetic tone, myocar- 
dial inotropy and myocardial work) may also have 
contributed to the observed protective effects. For 
sevoflurane and desflurane, only anti-ischaemic 
effects have been studied to date,” ” but there are no 
studies investigating the effects of these agents during 
reperfusion. Therefore, in this study we used isolated 
hearts where systemic haemodynamic effects are 
absent and where the substances were given selec- 
tively during the initial reperfusion period only. 

In a previous study we used a similar isolated heart 
model for demonstration of a pronounced protective 
effect against reperfusion injury by halothane.’ In 
that study, “ischaemia” was simulated by anoxic per- 
fusion in order to administer halothane during 
“ischaemia” also. However, anoxic perfusion partially 
eliminates the metabolic waste from the ischaemic 
myocardium and may thereby modify ischaemia— 
reperfusion injury. In this study, we used no-flow 
ischaemia followed by reperfusion, which comes 
closer to the in vivo situation of ischaemia—reperfu- 
sion. Our previous study showed that halothane 
reduced lethal cell damage during reperfusion and 
led to improved functional recovery. These findings 
were confirmed in our study. We expected that the 
other volatile anaesthetics would protect against 
reperfusion injury in a similar manner. Surprisingly, 
they had different effects when given during reperfu- 
sion: only enflurane was comparable with halothane; 
during desflurane administration, functional recov- 
ery occurred more rapidly; isoflurane had no effect 
on lethal cell damage but improved functional recov- 
ery; and with sevoflurane, lethal cell damage was 
delayed and occurred after discontinuation of the 
anaesthetic. However, functional recovery with 
sevoflurane was similar to that seen in the presence of 
halothane, enflurane or isoflurane. 


Recovery of contractile function 


In experimental models such as ours, functional 
recovery depends mainly on two factors.” First, the 
amount of lethally injured myocardium can limit the 
extent of functional recovery by a reduction in con- 
tractile mass. Second, even after short periods of 
ischaemia, contractile function of non-lethally 
injured myocardium is depressed and may need sev- 
eral hours or days for full recovery. This phenomenon 
is termed “myocardial stunning”. Consequently, the 
effect of inhalation anaesthetics on recovery of 
myocardial function may be explained by one or both 
of these mechanisms. In the desflurane group, a tran- 
sient positive inotropic effect may have contributed 
to the time course of functional recovery: only during 
desflurane administration was there rapid improve- 
ment in contractility within the first minutes of 
reperfusion to close to the final state of functional 
recovery. Desflurane also showed a small initial posi- 
tive inotropic effect in the normoxic control hearts, 
which is most likely caused by direct catecholamine 
release from autonomic nerve endings.” It is well 
known that stunned myocardium responds well to 
inotropic stimulation,” and this initial positive 
inotropic effect of desflurane may be responsible for 
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the initial rapid improvement in contractile function 
in this group. 


Lethal cellular injury 


With the onset of reperfusion, Vb, was high in the 
control hearts and then declined rapidly during the 
initial reperfusion period, while simultaneously, CK 
was released from the myocardium indicating the 
occurence of lethal reperfusion injury during this 
time. Isoflurane was the only inhalation anaesthetic 
that had no effect on CKR during reperfusion or on 
YW, compared with controls. Sevoflurane delayed 
CKR until its discontinuation. The lack of a protec- 
tive effect of isoflurane against lethal cell damage was 
also observed in isolated working rat hearts (where 
halothane or isoflurane were given also before 
ischaemia and during reperfusion) and 1m vivo in rab- 
bits, where isoflurane failed to reduce myocardial 
infarct size after coronary occlusion and reperfu- 
sion.”” The finding of improved functional recovery 
of post-ischaemic myocardium in the presence of 
isoflurane is in accordance with two previous m vivo 
studies that also found attenuation of myocardial 
stunning in non-lethally injured myocardium. ° The 
mechanisms leading to cell death and myocardial 
stunning may differ slightly (for review see Hearse 
and Bolli”). Therefore, the difference in protective 
effects against lethal cell damage and myocardial 
stunning also suggests different protective effects of 
inhalation anaesthetics given during reperfusion 
against these two forms of myocardial reperfusion 
injury. 

The concept of early lethal reperfusion injury was 
developed from investigation of isolated anoxic— 
reoxygenated heart cells.” Here it was shown that the 
critical phase for development of early lethal reperfu- 
sion injury is the first minutes after resupply of oxy- 
gen, when intracellular calcium overload” and SR 
dysfunction’ may trigger cellular hypercontracture 
and cell death. From these findings, it was concluded 
that a protective agent could be discontinued after 
this critical time.” This concept of early discontinua- 
tion of the protective substances worked in our 
experimental model for halothane, enflurane and 
desflurane, but not for sevoflurane, which showed a 
delayed peak CKR after discontinuation, indicating 
the occurrence of lethal cellular injury at this time. 
However, the total amount of CK released from the 
reperfused myocardium was also reduced by sevoflu- 
rane. The reason for these differences is unknown but 
suggests a different action of sevoflurane on post- 
ischaemic myocardium. For halothane, the protective 
mechanism against lethal reperfusion damage of the 
“oxygen paradox” type was recently identified’ ‘: 
halothane prevented the rapid Ca™ cycling of the 
sarcoplasmic reticulum (SR) that is found during 
reoxygenation after a severe ischaemic insult. These 
Ca™ oscillations occur at the calcium release channel 
(ryanodine receptor) of the SR and are responsible 
for cellular hypercontracture and cell death during 
early reperfusion.” Data from non-ischaemic— 
reperfused isolated heart cells showed that halothane 
and enflurane but not isoflurane act on this calcium 
release channel of the SR.” 

The finding that isoflurane does not influence SR 
calcium release channel may explain the failure of 
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isoflurane to protect against early lethal reperfusion 
injury. The action of sevoflurane on this channel is 
still unknown. However, except for halothane, the 
mechanisms of myocardial protection against lethal 
reperfusion injury by inhalation anaesthetics have 
not been investigated. They do not seem to be related 
to the negative inotropic effects of the agents; both 
halothane, which has the most pronounced negative 
inotropic effects in isolated hearts during normoxia 
(this study) or during post-ischaemic periods,” and 
desflurane, which has the lowest negative inotropic 
effects, were comparable with regard to myocardial 
protection. This example also argues against a simple 
relationship between the protective effect and physico- 
chemical properties (such as lipid solubility, which is 
lowest for desflurane and highest for halothane but 
both offered similar protection, and intermediate for 
isoflurane which had no protective effect against 
lethal cell injury). 

In summary, the results of our study provide some 
evidence that inhalation anaesthetics have different 
mechanisms of protection against reperfusion injury, 
but further experimental work is needed to clarify 
these mechanisms at the cellular level. 
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Milrinone decreases both pulmonary arterial and venous resistances in 


the hypoxic dog 


R. Karo, J. SATO AND T. NISHINO 


Summary 

We have studied the effect of milrinone on pul- 
monary vascular resistance (PVR) in dogs with 
hypoxic pulmonary vasoconstriction (HPV). 
Using a pulmonary arterial occlusion method, 
we measured effective pulmonary capillary pres- 
sure (Pcap) by which total PVR was partitioned 
into arterial (PVRa) and venous (PVRv) compo- 
nents. Hypoxic ventilation (Fi, =0.11~-0.13) pro- 
duced significant increases in mean pulmonary 
arterial pressure (PAP) and Pcap (P<0.01) associ- 
ated with increases in PVRa and PVRv (P<0.01). 
During the hypoxic period, milrinone signifi- 
cantly decreased mean PAP and Pcap (P<0.01), 
reflected in decreases in PVRa and PVRv 
(P<0.01). The longitudinal distribution of PVR 
(PVRa/PVRv) remained unchanged throughout 
the experiment, indicating that HPV occurred 
equally in the arterial and venous segments and 
that milrinone-induced vasodilatation occurred 
equally in both segments. During hypoxia, mil- 
rinone did not produce an increase in cardiac 
output or a decrease in Pa,,. Milrinone also pro- 
duced significant decreases in mean systemic 
arterial pressure (P<0.01) and systemic vascular 
resistance (P<0.05) to. a similar extent to the 
decreases in mean PAP and PVR, suggesting no 
selective dilating effect of milrinone on the pul- 
monary vasculature. These results indicate that 
in HPV, milrinone decreased the vascular tone of 
both pulmonary arterial and venous segments 
without increasing cardiac work or impairing 
pulmonary oxygenation. This suggests a poten- 
tial for use in patients suffering from hypoxic 
pulmonary hypertension. (Br. J. Anaesth. 1998; 
81: 920-924). 


Keywords: pharmacology, milrinone; cardiorespiratory sys- 
tem, effects; jung, intravascular pressures; hypoxia; lung, 
vasculature; dog 





Hypoxic pulmonary vasoconstriction (HPV) plays an 
important role in inducing pulmonary hypertension 
in several acute and chronic lung diseases, including 
the acute respiratory distress syndrome (ARDS), 
pulmonary oedema, pulmonary embolism, chronic 
obstructive airways disease and pulmonary fibrosis.’ 
Although HPV is a physiological adaptation to alveo- 
lar hypoxia,’ associated pulmonary hypertension may 
produce adverse effects, particularly in patients suf- 
fering from cardiovascular dysfunction.’* Milrinone, 
a phosphodiesterase II inhibitor, is used to improve 
pulmonary haemodynamics in association with sys- 


temic haemodynamic dysfunction.** Several workers 
have advocated the preferential effect of milrinone on 


- pulmonary haemodynamics over systemic haemo- 


dynamics in pulmonary hypertension.*** However, 
to our knowledge no study has focused on the effect 
of milrinone on pulmonary hypertension produced 
by HPV or the effector site of milrinone in the pul- 
monary vascular tree. 

Therefore, the aims of this study were to examine 
if milrinone improves pulmonary haemodynamics in 
acute HPV and, if it does, to explore if milrinone 
produces differential vasodilating effects in the pul- 
monary vascular tree. To assess the longitudinal dis- 
tribution of pulmonary vascular resistance (PVR), we 
used a pulmonary arterial occlusion technique.’” 
This technique estimates effective pulmonary capil- 
lary pressure (Pcap) by which PVR is partitioned 
into arterial and venous components. 


Materials and methods 


This study was approved by the Animal Welfare 
Committee, Laboratory Animal Centre, School of 
Medicine, Chiba University. 


ANIMAL PREPARATION 


We studied seven healthy mongrel dogs (aged 3-5 yr, 
weight 12-20 (mean 16.7) kg) premedicated with 
ketamine 10 mg kg” i.m. Anaesthesia was induced by 
pentobarbital, 20-40 mg kg“ i.v. and maintained by 
continuous infusion of pentobarbital (pentobarbi- 
tone) 5-10 mg kg’ h”. The dogs were paralysed with 
pancuronium 0.1 mg kg” at hourly intervals, the 
trachea intubated and the lungs ventilated mechani- 
cally with 30-40% oxygen in nitrogen. Respired gas 
was sampled continuously at the proximal end of the 
tracheal tube to monitor inspired oxygen and 
end-tidal carbon dioxide tensions (Anaesthetic Gas 
Monitor Type 1304, Bruel & Kjaer, Copenhagen, 
Denmark). Mechanical ventilation was adjusted to 
maintain end-tidal carbon dioxide partial pressure at 
4.0-5.3 kPa. Lactate Ringer’s solution 6 ml kg” h” i.v. 
was administered for maintenance fluid replacement. 
The surface ECG (lead ID) was monitored with skin 
needle electrodes. Rectal temperature was main- 
tained at approximately 37°C using an overhead 
heating lamp. 
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HAEMODYNAMIC MEASUREMENTS 


We measured systemic arterial pressure (SAP) con- 
tinuously via a catheter inserted into the right 
femoral artery (989-39, Abbot Critical Care 
Systems, Tokyo, Japan and 78534A Hewlett Packard, 
Silicon Valley, CA, USA). Pulmonary arterial pres- 
sure (PAP) was measured via a 5-French gauge pul- 
monary artery catheter (Arrow, Reading, PA, USA) 
inserted into the pulmonary artery via the right 
femoral vein. Central venous pressure (CVP) was 
measured via the side port of the pulmonary artery 
catheter at 3-min intervals. Continuous measure- 
ment of cardiac output (CO) was performed using an 
8-French gauge catheter inserted into the pulmonary 
artery from the left femoral vein and connected to a 
thermodilution CO monitor (Intelicath and Vigilance, 
Baxter Healthcare, Irvine, CA, USA). 

All haemodynamic data were stored on personal 
computer for offline analysis. 


EXPERIMENTAL SEQUENCE 


We started haemodynamic measurements after 
obtaining stable circulatory conditions after recovery 
from the surgical procedure and instrumentation. 
Our experimental sequence consisted of four phases 
of 30 min duration each: (1) control, (2) hypoxia 
(HYPO), (3) bypoxiat+milrinone (H-M) and (4) 
milrinone (MIL). After control measurements at 
3-min intervals during mechanical ventilation with 
30-40% oxygen in nitrogen, hypoxia was induced by 
suddenly changing the inspired gas composition to 
11-13% oxygen in nitrogen and measurements were 
repeated at 3-min intervals (HYPO). After a 30-min 
HYPO phase, a loading dose of milrinone 60 mg kg’ 
followed by continuous infusion of 6 mg kg” h” was 
started and all the measurements were repeated 
(H-M).This milrinone regimen has been reported to 
produce therapeutic plasma concentrations for treat- 
ment of left ventricular dysfunction in humans.” 
Finally, Fi, was restored to control values and 
measurements were performed every 3 min (MIL). 

Each measurement included determination of CO 
and CVP values, together with 25-s data sampling of 
SAP and PAP. 


PULMONARY ARTERIAL OCCLUSION TECHNIQUE AND 
CALCULATION OF PULMONARY AND SYSTEMIC 
HAEMODYNAMICS 


We used a pulmonary artery occlusion technique for 
the intact lung preparation developed by Hakim and 
colleagues to estimate Pcap.’* At end-expiration, 
mechanical ventilation was stopped and 25-s data 
sampling started. Ten seconds after the start of data 
sampling, pulmonary arterial occlusion for 15 s was 
performed by inflating the pulmonary artery catheter 
balloon instantaneously. This technique estimates 
Pcap from the pressure decay curve after pulmonary 
artery occlusion. The theory of the occlusion method 
is presented in figure 1. Pcap was noted as the pres- 
sure at the point where the monoexponential fitting 
curve merged with the measured pressure decay 
curve. More commonly used is the method which 
estimates Pcap by extrapolating the fitting curve to 
the instant of occlusion. However, we adopted the 
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Figure 1 Theory of the occlusion method. The instant of 
occlusion was assumed to be the moment when the pressure 
waveform, on visual inspection, deviated from the expected pattern 
for pulmonary arterial pressure. The pulmonary artery pressure 
(PAP) signal was smoothed by low-pass filtering at the corner 
frequency of 1.5 Hz. The 2-s segment of the filtered signal starnng 
at 0.3 s after occlusion was fitted with a single exponential curve. 
Pcap was estimated as the pressure at the instant when the filtered 
signal merged with the fitted curve. The smoothing was performed 
as the raw pressure signal during occlusion exhibited small 
oscillations which made it difficult to idenufy the merging point 


merging method as the instant of occlusion could not 
be identified precisely because of relatively slow infla- 
tion of the catheter balloon compared with rapidly 
responding occluders such as solenoid valves. 

It has been reported that in various pulmonary 
haemodynamic conditions, although the merging 
point method underestimated Pcap slightly, the dif- 
ference between the estimated and “true” Pcap was 
within the range of experimental and computational 
errors and the estimated Pcap was able to track the 
changes in “true” Pcap.** Pulmonary microvascular 
pressure is known to be pulsatile, ° indicating that 
the estimated Pcap varies according to the point in 
the cardiac cycle at which the pulmonary artery is 
occluded. Therefore, the mean of the two measure- 
ments obtained from occlusions at the systolic and 
diastolic phases was termed Pcap. Pulmonary arterial 
wedge pressure (PAWP) was obtained as the mean 
pressure at 10-11 s after occlusion. 

Mean SAP (mSAP) and mean PAP (mPAP) were 
computed respectively from 8-10 heartbeats imme- 
diately before pulmonary arterial occlusion. Several 
studies showed that the CO measurement system 
used in this study exhibited a delayed time response 
when subjects exhibited unstable haemodynamics." 
Therefore, we corrected CO for the delayed response 
time by applying a correction function obtained from 
published data.” Systemic vascular resistance (SVR) 
was defined as (mSAP—CVP)/CO. 

Partitioning pulmonary vascular pressure gradient 
into pre- (arterial) and post-capillary (venous) com- 
ponents by Pcap, pulmonary arterial (PVRa) and 
venous (PVRv) resistances were defined as 
(mPAP-Pcap)/CO and (Pcap—-PAWP)/CO, respec- 
tively. Thus total PVR (PVRtot)=PVRat+PVRv. 
Longitudinal distribution of PVR was defined as 
PVRv/PVRa. 


BLOOD-GAS SAMPLING 


Arterial and mixed venous blood-gas analyses were 
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performed (Model 170 pH/Blood Gas Analyser, 
Ciba-Corning, Tokyo, Japan) every 20 min in each 
phase. 


STATISTICAL ANALYSIS 


Data were analysed by repeated measures analysis of 
variance followed by Student-Newman—Keuls test. 
P<0.05 was considered significant. 


Results 


Blood-gas data are shown in table 1. Both arterial pH 
and Paso, were within the physiological range 
throughout all phases. Pa, decreased significantly 
during hypoxic ventilation but milrinone did not pro- 
duce further changes in Pa, (H-M vs HYPO). There 
was a similar trend in mixed venous oxygen tension 
(P¥,,) to that of Pa, . Systemic haemodynamic data 
are shown in table 2. Hypoxia (HYPO) produced 
approximately 10% increases (P<0.05) in CO com- 
pared with control, and milrinone did not produce a 
further increase in CO (H-M and MIL). mSAP and 
SVR decreased significantly during administration of 
milrinone(H-M and MIL). 

Figure 2 illustrates the changes in pulmonary 
haemodynamics. Both mPAP and Pcap increased 
significantly during HYPO compared with control 
(P<0.01) (fig. 2a). H-M produced significant 
decreases in mPAP, Pcap and PAWP compared with 
HYPO (P<0.01). HYPO produced significant 
increases in both PVRa and PVRv from control 
(P<0.01) (fig. 28). Administration of milrinone 
(H-M) produced significant reductions in PVRtot, 
PVRa and PVRv which were increased during 
HYPO (P<0.05). After reversal of hypoxia (MIL), all 
pulmonary haemodynamic variables returned to 
control values. PVRv/PVRa remained unchanged 
throughout all phases (fig. 2c). 

Figure 3 illustrates serial changes in PVR and its 
longitudinal distribution. Induction of hypoxia 
(HYPO) produced initial rapid increases in all three 
resistances (PVRtot, PVRa and PVRv), followed by 
further gradual increases. Milrinone produced a 
rapid reduction in the increased resistances, followed 
by a gradual reduction (H-M). PVRv/PVRa did not 
change throughout the four phases. 


Table 1 Blood~gas data (mean (SBM), n = 7 dogs). **P<0 01 
compared with both control and HYPO; ¢}P<0.01 compared with 
both control and MIL 


Control HYPO H-M MIL 
pH 7.39 (0.02) 7 41 (0.01) 7.38 (0.01) 7.36 (0.02)** 
(kPa) 4.7(0.3) 4.7 (0.3) 4.9 (0.3) 5.1 (0.3) 


(kPa) 17.9 (2.4) 
Ps (kPa) 6.7 (0.4) 


6.0 (0.ĐÐtt 5.9 (0.4) 200 (2.7) 
4.70.4) 4.7(0.4)1F 7.3 (0.3) 


Table 2 Systernic haemodynamic data (mean (SEM), n = 7 doga). 
+P<0.05, tf P<0.01 compared with control; *P<0.05, **P<0.01 
compared with HYPO 


Control HYPO H-M MIL 
CO (litre min) 2.4 (0.3) 2.7 (0.5)f 2.6(0.3)¢ 2.4 (0.2) 
mSAP (mm Hg) 121(8) 131 (5) = 105 (7)¢** 95 (2)t** 
SVR 


(mm Hg litre” min) $2(8) 55(7)  39(3)t*  38(3)}* 
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Figure2 Changes in pulmonary haemodynamıcs (mean 
pulmonary artery pressure (mPAP), pulmonary capillary pressure 
(Pcap) and pulmonary artery wedge pressure (PAWP)) in the four 
phases: control, HYPO, H-M and MIL (a). Total pulmonary 
vascular resistence (PVRtot), pulmonary arterial resistance 
(PVRa) and pulmonary venous resistance (PVRvy) in the four 
phases (8). Longitudinal distribution of PVR and PVRa/PVRtot 10 
the four phases (c). All values are expressed as mean (SEM) (n=7 
dogs). }}P<0.01 compared with control; *P<0.05, **P<0.01 
compared with HYPO; $P<0.05 compared with H-M. 


je——Milnnone >] 





j Hypoxia >| 





a qth, 


ECIIIIIIS. 
EITIC 5 erry 


rasmni EOP TIDE PLT reser sare nease nenaas 


PVR (mm Hg litre’ min) 


0 
+Control—»><— HYPO —>+—_H-M-_>-—~ MIL >» 


B 


1.00 = 
0.75 ~ 


OS J errhp tk, sr Mgrs 
= 


0.25 


PVRv/PVRa 








0.00 -T — T T T = 
0- 30 80 90 120 
Time (min) 


Figure 3 Serial changes in PVR (PVRtot, PVRa, and PVRy) and 
PVRv/PVRa. These were determined at 3-mun intervals 
throughout the four phases. Values are mean (sEM) from seven. 
dogs. 
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Discussion 


Before discussing the implications of our results, we 
should consider what Pcap, estimated by our occlu- 
sion method, represents. Partitioning of PVR into 
arterial and venous segments by estimated Pcap 
depends on the theoretical model adopted for inter- 
pretation of the pulmonary arterial pressure decay 
curve after occlusion, and does not necessarily corre- 
late precisely with anatomical structure. It is possible 
that the functional venous (post-capillary) segment 
defined by our method may include some anatomi- 
cally arterial vessels in the pulmonary capillary seg- 
ment, and vice versa. Thus ıt is important to note that 
the segments functionally partitioned by the occlu- 
sion method can only approximate to the mechanical 
characteristics of their anatomical correlates. With 
other reasons, such as experimental design and ana- 
lytical methods, this functional and anatomical dis- 
cordance could be an explanation for the wide range 
of longitudinal distribution of PVR reported in other 
studies, such as ~0.3~-1.2 of PVRv/PVRa during 
hypoxia and normoxia.””* Our results of 0.37 and 
0.39 for PVRv/PVRa at control and HYPO, respec- 
tively, are at the lower end of the range of values 
reported by previous studies. 

There are discrepancies as to the site of HPV, 
probably arising from differences in lung prepara- 
tion, species, degree of hypoxia and measurement 
technique (occlusion device and adopted theoretical 
model). It has been reported that small arteries resid- 
ing in the pre-capillary segment are the main site of 
vasoconstriction in response to alveolar hypoxia.” ™* 
In contrast, recently published studies have indicated 
a significant contribution of the post-capillary venous 
segment in addition to the pre-capillary segment to 
the increase in PVR during alveolar hypoxia.” 
Hillier and colleagues demonstrated that alveolar 
hypoxia of a similar degree to that reported in this 
study produced active constriction of both arterioles 
and venules, even though these vessels lack obvious 
smooth muscle structure.” Contraction of the capil- 
lary arterioles and venules would result in increases 
in PVRa and PVRv, respectively, if our occlusion 
technique was used. Our finding that both PVRa and 
PVRv increased by the same magnitude is consistent 
with these studies. 

The mechanism of the decrease in PVR produced 
by milrinone cannot be determined from our results. 
Passive pulmonary vasodilatation is induced by 
increased blood flow or increased distending pres- 
sure, or both.'f In our case, however, this passive 
mechanism is unlikely as milrinone produced no sig- 
nificant change in CO and a 30% decrease in mPAP. 
Possible mechanisms might include direct relaxation 
of pulmonary vessels and recruitment of pulmonary 
vessels”” associated with inter-regional redistribu- 
tion of blood flow. 

Some pulmonary vasodilators such as prostacy- 
clin, prostaglandin E, and nitroglycerine are known 
to decrease PVRa and PVRv.”™ Alveolar hypoxia in 
the whole lung induces capillary recruitment and 
intrapulmonary blood flow redistribution towards 
well-ventilated lobes in an attempt to minimize the 
deterioration in pulmonary  oxygenation.’”” 
Pulmonary vasodilatation produced by vasodilators 
hampers this adaptation process, resulting in increases 
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in Qs/Qt and worsened pulmonary oxygenation. 
In our study, milrinone did not worsen pulmonary 
oxygenation from the initial hypoxia. As milrinone 
did not change CO or Ps, it might not mcrease 
Qs/Qt. The reason why milrinone did not cause fur- 
ther deterioration in pulmonary oxygenation is not 
obvious from our results. However, the dose used in 
our study might have been relatively small and insuf- 
ficient to increase cardiac output, which would have 
led to deleterious redistribution of pulmonary blood 
flow, but was still sufficient to produce pulmonary 
vasodilatation. This differential effect might be 
caused in part by the nitric oxide-like effect of milri- 
none.” Another possibility is that the decrease in 
capillary pressure reduced hyperaemua of the area 
where gas exchange was occurring, leading to 
improvement in gas exchange.” This would cancel 
out the ventilation—perfusion mismatching which 
would have been produced by mulrinone-induced 
vasodilatation. 

Reduction of PVR by milrinone may be beneficial 
in patients suffering from diseases characterized by 
increased Pcap with HPV, such as ARDS. These 
patients are susceptible to pulmonary oedema by 
pulmonary flow distribution imbalance” and the 
reduction of elevated Pcap by milrinone may there- 
fore decrease the chance of pulmonary oedema.” 

Absence of selective vasodilatation of the pul- 
monary vasculature by milrinone in our study may 
suggest that it has no potential use in the develop- 
ment of pulmonary hypertension induced by HPV 
However, our finding that milrinone reduced PVR 
with no increase in CO implies that milrinone may 
reduce right heart afterload without itself increasing 
cardiac work. Therefore, with a synergistic effect on 
systemic haemodynamics, milrinone might be of use 
in the treatment of pulmonary hypertension ın patients 
with systemic cardiovascular disorders, in particular, 
right heart dysfunction. 
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Opioid receptor independent effects of morphine on membrane 


currents in single cardiac myocytes 


C.-F, Huna, C.-H. Tsar AND M-J. Su 





Summary 

We have examined the effects of morphine, a p- 
opioid receptor agonist, on various membrane 
ionic currents in rat ventricular and human atrial 
myocytes, using patch-clamp techniques in the 
whole-cell configuration. Morphine produced a 
concentration-dependent reduction in peak tran- 
sient sodium current. When the sodium current 
(ha) was evoked at 5-s intervals the estimated 
IC,, for morphine was approximately 30 umol 
litre’. Morphine 10 umol litre” inhibited h. with a 
5-mV shift in the potential-dependent inactiva- 
tion curve to negative potentials and retarded 
the j,, recovery rate from the inactivated state. 
Use-dependent h, block was not observed when 
ha was elicited at frequencies varying from 0.2 to 
20 Hz. Morphine did not significantly affect the 
inward calcium current (/,,), transient outward 
current (/,) or the inwardly rectifying potassium 
current (/,,) at a concentration of 30 pmol litre”. 
The inhibitory effect of morphine on h. could not 
be prevented or reversed by treatment with the 
opioid antagonist naloxone. Therefore, we 
suggest that morphine can directly inhibit the 
Na* inward current and bind to inactivated Na+ 
channels. (Br. J. Anaesth. 1998; 81: 925-931). 


Key words: analgesics opioid, morphine; ions, sodium; tons, 
calcium; model, heart; receptors, opioid 


Morphine, a -opioid receptor agonist, has been used 
clinically for the treatment of acute pulmonary 
oedema’ and relief of myocardial infarct pain.” 
In addition, it has been shown to modify cardiac 
function. In isolated mammalian cardiac tissue,” 
morphine produces a negative inotropic and 
chronotropic effect. In addition, it has been reported 
to possess antiarrhythmic activity in guinea pig.* 
Electrophysiological studies in multicellular prepara- 
tions showed that morphine decreased the maximum 
rate of action potential depolarization. ° In contrast, 
the cardioprotective effect against ischaemia—reper- 
fusion arrhythmia via activation of glibenclamide- 
sensitive potassium channels has also been found 
after repeated i.v. injections of morphine.’ Despite 
numerous studies on the cardiac effects of morphine, 
the mechanism of action related to the cardiac 
inhibitory effect of this agent is still controversial and 
remains to be clarified. Moreover, there are at pre- 
sent no detailed accounts of the effect of morphine 
on membrane ionic currents in isolated cardiac 
myocytes. 


Therefore, we designed these experiments to 
examine the ionic mechanisms responsible for the 
inhibitory action of morphine in single rat and 
human cardiac myocytes. The mode of action of 
morphine on the sodium channel was studied by 
direct measurement of the sodium current (J,,) using 
a voltage-clamp technique. 


Materials and methods 


ISOLATION OF RAT VENTRICULAR MYOCYTES 


Animal use in this study conformed with the Guide 
for Care and Use of Laboratory Animals published 
by the US National Institutes of Health (NIH publi- 
cation No. 85-23, revised 1985). Rat ventricular 
myocytes were isolated using a technique described 
previously. Briefly, rats weighing 250-350 g were 
anaesthetized with pentobarbital sodium 50 mg kg” 
i.p. The hearts were excised and retrogradely per- 
fused in a Langendorff apparatus with Ca’’-free, 
HEPES-buffered Tyrode solution consisting of 
(mmol litre“): NaCl 137.0, KCl 5.4, MgCl, 1.1, 
dextrose 22.0, N-[2-hydroxyethyl] piperazine-N’- 
[2-ethanesulphonic acid] (HEPES) 10.0, with pH 
adjusted to 7.4 with NaOH. The perfusate was oxy- 
genated and maintained at 37+0.2°C. After 5 min, 
the perfusate was changed to the same solution con- 
taining collagenase 0.5 mg ml’ (Type I, Sigma 
Chemical Co., St Louis, MO, USA) and protease 
0.1 mg ml” (Type XIV, Sigma). After 15-25 min of 
digestion, the residual enzymatic solution was 
cleaned with Ca”*~HEPES-buffered Tyrode solution 
0.05 mmol litre’. The ventricular tissue was then 
separated and small pieces of tissue were agitated 
gently. Isolated single cells were stored in 
Ca”—~HEPES-buffered Tyrode solution 0.2 mmol 
litre’ at room temperature (25-27°C) for later use. 
Cells were used within 10 h ofisolation. 


ISOLATION OF HUMAN ATRIAL MYOCYTES 


The investigation of human preparations conformed 
to the principles outlined in the Declaration of 
Helsinki. Specimens of human right atrial appendages 
were obtained with consent from patients (25—60 yr) 
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during the surgical procedure when starting extra- 
corporeal circulation. Single atrial cells were isolated 
by a procedure modified slightly from those 
described previously.” “* Briefly, the tissue specimens 
were placed in chilled oxygenated Ca”’-free, HEPES- 
buffered solution and were brought to the laboratory 
from the operating room. Samples of these tissue 
specimens were washed three times in the same solu- 
tion and then gently stirred for 30 min in a similar 
solution containing collagenase 400 iu ml’ (Type I, 
Sigma) and protease 4 iu mI’ (Type XXVI, Sigma) 
at 35+0.2°C. Thereafter, the partially digested sam- 
ples were transferred to a fresh enzymatic solution 
containing collagenase 400 iu ml. Meanwhile, con- 
tinuous microscopic examination of the enzymatic 
solution was performed to assess the number and 
quality of isolated cells. Finally, the isolated cells 
were washed and stored in Ca”-HEPES-buffered 
Tyrode solution 0.2 mmol litre” at room temperature 
for later use. Cells were used within 5 h of isolation. 


ELECTROPHYSIOLOGICAL RECORDING 


Transmembrane currents were measured using the 
tight-seal, whole-cell recording technique.” Single 
myocytes were placed in a recording chamber (1-ml 
volume) attached to an inverted microscope (Nikon, 
Diaphot, Japan) and perfused with Ca”—HEPES- 
buffered Tyrode solution 1.8 mmol litre’. The heat- 
polished glass pipettes were filled with internal 
solution and had tip resistances of 1-2 MQ. A Dagan 
8900 patch/whole-cell clamp amplifier fitted with 
100 MQ feedback resistor in the headstage was used 
to clamp the myocytes. Most experiments were per- 
formed at room temperature. The total series resis- 
tance for the pathway between the pipette interior 
and the cell membrane was estimated from the cell 
capacitance and capacitance current decay. The 
capacitive transient during a step change in potential 
was partially compensated with analogue circuitry. 
Series resistance was compensated by at least 
60-80% and was usually less than 1 MQ. The maxi- 
mal expected voltage decrease across the uncompen- 
sated series resistance was less than 8 mV for the 
largest current recorded and therefore was not 
corrected. 

During measurement of J, and J,,, the K* currents 
were blocked by addition of Cs* 1 mmol litre” to the 
bathing medium and internal dialysis of the cells with 
Cs* containing pipette solution consisting of (mmol 
litre”): CsCl 130.0, KEGTA 15.0, tetraethylammo- 
nium chloride (TEA Cl) 15.0, HEPES 10.0, MgATP 
5.0, titrated to pH 7.2 with CsOH. When the cells 
were kept in normal Tyrode solution, the inward 
sodium current elicited by depolarization to -40 mV 
was larger than 20 nA. Under these conditions, space 
and voltage control of membrane potential was 
unsatisfactory. To improve the clamp efficiency, we 
chose smaller atrial and ventricular cells, used larger 
suction pipettes (1-2 MQ before series resistance 
compensation), and included Na* 10 mmol litre” in 
the Cs-pipette solution to reduce the membrane Na* 
concentration gradient. External Na” was reduced to 
70 mmol litre (NaCl 80 mmol litre’ was replaced 
by N-methyl-p-glutamine hydrochloride). Under 
these conditions, if the measured Ip, was greater than 
8 nA, time to peak Åy, tracings slower than 5 m or the 


British Journal of Anaesthesia 


EV curves for I, highly skewed in shape and peaked 
at -40 mV (instead of —20 mV or -30 mV), the 
results were excluded. 

Increasing concentrations of morphine (3-300 
umol litre”) were added cumulatively to the record- 
ing chamber at 10-min intervals. The inhibitory 
effects of morphine on J, were also tested in the 
presence of naloxone 107-10% mol litre’ added 
either 10 min before morphine or acutely during the 
response. To evaluate species differences, we also 
constructed concentration—-response curves for mor- 
phine in atrial cells from human hearts. However, the 
mechanism of the Na*-channel blocking action of 
morphine 10 pmol litre’ was investigated only in 
ventricular cells from rat hearts. For measurement of 
I... contamination of I, was excluded by stepping 
the membrane potential to -40 mV to inactivate i, 
I,, was then activated by a second step depolarization 
to 0 mV. During measurement of Z, and J,,, contami- 
nation by J, and J, was prevented by addition of 
tetrodotoxin 30 pmol litre’ and CoCl, 1 mmol litre” 
to the bathing medium, respectively. The internal 
pipette solution contained (mmol litre”): KCl 120.0, 
MgCl, 5.0, MgATP 5.0, K,EGTA 15.0, HEPES 
10.0, titrated to pH 7.2 with KOH. Under these con- 
ditions, depolarization of membrane potentials to 
values positive to -40 mV from —80 mV resulted in 
rapid activation of J, which then decayed exponen- 
tially to steady state. J,, was elicited by hyperpolar- 
ization of membrane potential to values more 
negative than -80 mV. 


DRUGS AND DATA ANALYSIS 


Morphine sulphate and tetrodotoxin were purchased 
from Sigma Chemical Co. (St Louis, MO, USA). All 
values are presented as mean (SEM). Repeated-mea- 
sures analysis of variance and paired Student’s t tests 
were applied where appropriate, and values of P<0.05 
were considered significant. Concentration—response 
curves were fitted using commercial software 
(SigmaPlot, Jandel) and the following Hill equation: 
relative values, y=1/[1+(IC,,/D)™], where IC,,=con- 
centration for half-maximal inhibition, D=concen- 
tration of morphine and n,,=the Hill coefficient. The 
SigmaPlot curve fitter uses the Marquardt—Levenberg 
algorithm to find the coefficients (variables) of the 
independent variables (the x values) that give the 
best fit between the equation and the data. This algo- 
rithm seeks the values of the variables that minimize 
the sum of the squared differences between the 
observed and predicted values of the dependent vari- 
able (the y value). The inactivation curves of I, were 
fitted by the Boltzmann equation: MI ,=1/{1+exp 
((V-V,.)/s]}, where V=preconditioning voltage, 
V,,;=voltage at which half-maximal inactivation is 
obtained and s=slope factor. 


Results 


EFFECTS ON INWARD SODIUM CURRENT (i,,) 


Figure 1a (left) shows the time course of the 
inhibitory action of the sodium current by morphine 
10-100 pmol litre’. Depolarizing pulses of 15 ms 
duration to -20 mV from a holding potential of 
-80 mV were applied every 5s. Application of 
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Figure 1 Effects of morphine on J. a: Time course of the 
inhibitory effects of morphine 10, 30 and 100 pmol litre’ im a rat 
ventricular cell and the effects of naloxone 0.1 pmol lure” added 
before (left) and after (right) morphine. B: Concentration- 
dependent inhibiuon of morphine on J,,, in rat ventricular (circles, 
n=6) and human atrial (squares, n=5) cells (mean (SEM)). Cells 
were stimulated at a frequency of 0.2 Hz. Current traces were 
recorded on 15-ms depolarizing test pulses from a holding 
potential of -80 mV to—20 mV. 


morphine induced a dose-dependent decrease in Iye 
and its effect reached steady state at approximately 
10 min. Inhibition of Ip, by morphine was not pre- 
vented by pretreatment of the rat ventricular cell with 
an opioid receptor antagonist (naloxone 0.1 pmol 
litre”) or reversed by naloxone after steady-state 
inhibition of J,, by morphine was reached (fig. lA, 
right). Morphine-induced inhibition of J, was 
reversible after washout of morphine. Although mor- 
phine is a preferentially selective agonist for p-opioid 
receptors, it can bind to © or K opioid receptors at 
concentrations greater than 0.1 pmol litre’. By 
blocking o or x opioid receptors with higher concen- 
trations of naloxone (0.5-1 pmol litre”’),’* the possi- 
ble contribution to the inhibitory action of morphine 
on Ia. via activation of these two receptors was 
excluded. In the presence of these concentrations of 
naloxone, the extent of In, inhibition was similar to 
that observed in cells pretreated with naloxone 0.1 
pmol litre’ (data not shown). The inhibitory effect of 
morphine on peak J, in rat ventricular myocytes was 
well fitted to the Hill equation. The calculated IC,, 
and n,, for morphine on Iņ. were 30.4 (6.0) pmol 
litre” and 0.9 (0.1) (n=6), respectively. Similar studies 
in human atrial cells also found marked inhibition of 
I, by morphine. The average IC,, value for inhibition 
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of I, in human atrial cells was calculated as 25.7 
(4.5) pmol litre” (n=5). n, for morphine in human 
atrial cells was 0.9 (0.1) (fig. 1). 


MODE OF INHIBITION OF Iya BY MORPHINE 


Figure 2a shows the representative J... recorded from 
a single rat ventricular cell. J, was elicited by depolar- 
izing pulses to various test potentials (up to 50 mV) 
from a holding potential of -80 mV. The threshold for 
current activation was between —60 mV and -50 mV, 
and the peak current was obtained at -30 mV. Further 
depolarization decreased J,,,, with a reversal potential 
at approximately +50 to +60 mV. After 10-min expo- 
sure to morphine, peak I, was decreased markedly 
without appreciable change in the time course of the 
decay phase of Ix- Morphine decreased the peak Iy, to 
approximately 65% of control (35% reduction). The 
time constant of J, inactivation determined at -20 
mV in the control group was similar to that in the 
morphine-treated group (1.3 (0.1) ms and 1.4 (0.2) 
ms, respectively; m=6). Figure 2B shows the 
current-voltage (I-V) relationship. Morphine blocked 
I, Without changing the threshold potential, peak 
potential or reversal potential. 

Voltage-dependent steady-state inactivation of Jy, 
was examined by a pulse paradigm (inset in fig. 3a) in 
which a 15-ms test pulse to -20 mV was preceded by 
a 1-s preconditioning pulse to levels of ~120 to —40 
mV. Figure 3a shows a family of currents elicited by 
test pulses from different preconditioning potentials 
in controls, after morphine and after washout of mor- 
phine. Figure 38 shows the steady-state inactivation 
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Figure2 Effects of morphine on J,, in single isolated ventricular 
cells from the rat. A: The original current traces elicited by 
depolarizing pulses applied at 10 mV increments from —60 mV to 
+50 mV from a holding potentual of -80 mV ın the absence and 
presence of morphine 10 pmol litre” and 10 min after washout. B: 
The I-V relationship for J,,, in the absence and presence of 
morphine 10 pmo! litre’ (mean (seM)) *P<0.01, ** P<0.001 
compared with respective controls (#7=8) 
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Figure 3 Effects of morphine on the steady-state inactrvation 
curve for J. The voltage clamp procedure 1s shown ın the inset. A 
1-8 conditioning pulse was applied from a holding potential of -80 
mV to various potentials ranging from —120 mV to 40 mV. Each 
conditioning pulse was followed by a 15-ms test pulse to —20 mV. 
A: The original current traces under control conditions, after 
application of morphine 10 pmol litre and after washout. B: 
Normalized voltage-dependent steady-state inactivation curve of 
J, obtained before and after exposure to morphine 10 pmol litre’. 
La measured at—20 mV after normalization is plotted against the 
conditioning potential (mean (SEM), n=10). 


curves of I from 10 experiments. V,, for the steady- 
state inactivation curves in the controls and in the 
presence of morphine 10 pmol litre’ were —72.2 
(3.6) mV and —77.7 (3.2) mV (P<0.001 vs control 
values), respectively. The slope factors were 5.1 (0.3) 
mV and 5.3 (0.3) mV, respectively. This shift in the 
steady-state inactivation curve of Iņ, was associated 
with retardation of J,, recovery from inactivation. 
Figure 4 shows a typical result from one cell. 
Recovery of Iy, from inactivation was studied using a 
two-pulse protocol (fig. 4a, inset). J, was elicited by 
depolarization to —20 mV and separated by intervals 
of 10-350 ms. Each double-pulse sequence was 
followed by a 5-s rest period. The time course of 
recovery of J,,, measured in the absence and pres- 
ence of morphine 10 pmol litre’, and after washout, 
is shown in figure 48. The time course of J, recovery 
from inactivation was well fitted by two exponential 


equations. In controls, the time constants of the fast _ 


recovery component (t,) and the slow recovery com- 
ponent (t,) were 14.9 (0.5) ms and 178.9 (22.1) ms 
(n=5), respectively. After exposure to morphine 
10 pmol litre”, the T, of J,, was prolonged to 17.8 
(0.8) ms. The t, of J, was, however, unaffected 
(169.8 (20.3) ms). 

Figure 5 illustrates the effect of varying the stimu- 
lus frequency on J,,, block by morphine following 30 
repetitrve 15-ms depolarizations from a holding 
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Figure 4 Effects of morphine 10 pmol litre™ on recovery of Iy, 
from inactivation in rat ventricular cells. Inset shows the double 
pulse program. The holding potential was —80 mV. A 20-ms 
conditioning pulse from —80 mV to —20 mV was followed after 
various recovery times by a 20-ms test pulse to —20 mV. a: The 
original current traces under control conditions, after applicanon 
of morphine 10 pmol litre“ and after washout. B: Time course of 
recovery of Z. Test pulse current amplitude, normalized to 
conditioning pulse current amplitude against the recovery time in 
the absence and presence of morphine 10 umol litre” and at 
washout. Data are from a typical experiment (n=5). 


potential of —80 to —20 mV. The stimulation fre- 
quency varied between 0.2 and 20 Hz. As shown in 
figure 5, there was no use-dependent block of Iy, by 
morphine. 
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Figure 5 Effect of varying the stimulus frequency on J, by 
morphine 10 and 30 pmol litre". I, was activated by depolarizing 
pulses to -20 mV from a holding potennal of -80 mV. The 13th 
current traces of J,,, elicited by stimulation at different frequencies 
were normalized to the current elicited by sumulation at 0.2 Hz 
and plotted against stimulation frequency. Data are mean (SEM) 
(n=6). 
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EFFECT OF MORPHINE ON POTASSIUM CURRENTS AND 
INWARD CALCIUM CURRENT 


Figure 6a (top) shows traces of K* currents in a rat 
ventricular cell elicited by depolarizing and hyper- 
polarizing pulses. Application of depolarizing pulses 
to potentials more positive than -20 mV resulted 
in generation of a transient outward current which 
then decayed to a steady-state level. On depolariza- 
tion to —60, -40 and —20 mV, a constant amplitude 
of outward current via inward rectifying potassium 
channels was obtained. On hyperpolarization to 
potentials more negative than -80 mV, varying 
amplitude inward current via inwardly rectifying 
potassium channels was observed. Compared with 
inhibition of Zx.» the peak transient outward current, 
steady-state outward current and potassium current 
via inward rectifying potassium channels were 
unaffected by morphine 30 pmol litre’ (fig. 6a, 
bottom). 

Figure 6B is a typical experiment that shows the 
time course for the effect of morphine 30 pmol litre” 
on the inward calcium current (J,,) in a rat ventricu- 
lar cell. These data in the presence of naloxone 
revealed that morphine 30 pmol litre’ had no direct 
effect on J... Similar results were found in three other 
experiments. 
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Figure 6 a: Effect of morphine on K* currents. Top: Families of 
current traces elicited by a series of 180-ms long depolarizing or 
hyperpolarizing pulses from a holding potential of -80 mV were 
obtained in the absence and presence of morphine 30 pmol litre’. 
Bottom: The I-V relationship of K* currents measured at the peak 
and end of the voltage pulses before (o, A) and after (@, a) 
exposure to morphine 30 pmol litre’ (mean (SEM), 7=5). B: Time 
course of the effects of morphine on T., Cells were depolarized to 
0 mV from —40 mV for 120 ms. Current traces of J, 
corresponding to the letters in the graph are shown ın the inset. 
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Discussion 


We have demonstrated that morphine produced 
reversible inhibition of J, in rat ventricular and 
human atrial myocytes. However, even at concentra- 
tions of up to 30 pmol litre’, morphine failed to 
affect Ca” and K* currents. 


MECHANISM OF THE NA*-CHANNEL BLOCKING ACTION OF 
MORPHINE 


According to the results of our study, the inhibitory 
action of morphine on JI,, was not antagonized by 
naloxone. Thus we suggest that morphine inhibition 
of Iņ, was not caused by stimulation of opioid recep- 
tors. As the extent of suppression of peak J, by mor- 
phine (fig. 2) correlated well with the negative shift of 
the voltage-dependent inactivation curve of J,,, (fig. 3) 
and use-dependent J, block by morphine was not 
observed under a higher frequency (20 Hz) of depo- 
larization pulses, these findings suggest that mor- 
phine may inhibit 1, by binding to inactivated Na* 
channels. In addition to the negative shift of the volt- 
age-dependent inactivation of I retardation of the 
fast recovery of J,,, from inactivation was observed in 
cells treated with morphine. In spite of the retarda- 
tion of fast recovery of J, from inactivation, the time 
constant of the slow recovery of I, from inactivation 
and inactivation time constant of J, remained 
unchanged after the cells were treated with mor- 
phine. In view of the effects on J, the interaction of 
morphine with cardiac Na* channels can be depicted 
(fig. 7), where D=drug; R and O=resting and open 
states of the channels, respectively; and J, and I,=fast 
and slow recovery states of inactivated channels, 
respectively. In the absence of drug, the major frac- 
tion of Na* channels in the inactivated state recov- 
ered with a fast time constant on repolarization to a 
holding potential of -80 mV. Therefore, most Na’* 
channels exist in the J, state under depolarized condi- 
tions. In the presence of morphine, the time constant 
of the fast recovery of Na* channel from inactivation 
was increased but the time constant of the slow 
recovery from inactivation was unaffected; these 
results indicate a preferential binding of morphine to 
Na’ channels in the J, state. 
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Figure 7 Interaction of morphine with cardiac Na’ channels, 
where D is the drug; R and O are the resting and open states of the 
channels, respectively; I, and L, are the inactivated channels in fast 
and slow recovery states, respectively, RD 18 the binding of 
morphine to resting state channels; and I,D is the binding of 
morphine to inactivated channels in fast recovery state. 
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As the time course of inactivation of J, at -20 mV 
was unchanged in the presence of morphine, the rate 
of transformation of Na* channels from O state to J, 
state may be unaffected and binding of morphine to 
channels in the O state may be insignificant or not 
fast enough to affect the time course of J,,, inactiva- 
tion. This consideration is further substantiated by 
the absence of frequency-dependent inhibition of Jy, 
by morphine (fig. 5). 

According to previous studies, the potency of 
block of cardiac Na’ channels by class I antiarrhyth- 
mic agents is different when the channels exist in 
three different states (resting, open and inactivated 
states). Most class I antiarrhythmic agents have lower 
affinity for the channels in the resting state; their 
affinity increases when channels are in the open or 
inactivated state.” ™ As Iņ, elicited from a holding 
potential of -110 mV was reduced by morphine to a 
less extent than J,, elicited from a holding potential 
of -80 mV (fig. 3a), the binding affinity of morphine 
to resting state Na” channels may be lower than that 
to inactivated Na’ channels. 


SIGNIFICANCE OF INHIBITION OF Ina 


In view of the insignificant direct inhibition of the 
inward calcium current and potassium outward cur- 
rent (i.e. in the presence of naloxone, fig. 6), inhibi- 
tion of the inward sodium current would shorten 
action potential duration in some cardiac tissues, 
such as Purkinje fibres, in most mammalian 
hearts” and rat or guinea pig or human atria.” 
Reduction of Na* influx results in less intracellular 
Na* accumulation. Intracellular Na activity has a 
positive correlation with intracellular Ca” activity.” 
Lower intracellular Na* activity enhances Ca” extru- 
sion via the Na*—Ca” exchange mechanism which 
leads to reduction of intracellular calcium and nega- 
tive inotropism. Further, shorting of the action 
potential by inhibition of Iņ, should decrease calcium 
influx via non-inactivating calcium channels.” This 
effect also contributes to negative inotropism. The 
40% inhibition of J, of human atrial cells with mor- 
phine 10 pmol litre” in this study (fig. 18) is compa- 
rable with 52% inhibition of contractile force of 
human atrial strips by Llobel and Laorden.” With 
regard to the antiarrhythmic activity of morphine, 
activation of central opioid receptor,” antagonism of 
B-adrenergic stimulation of cardiac tissues via activa- 
tion of cardiac & opioid receptor” and activation of 
cardiac K,, channels’ were proposed as possible 
mechanisms responsible for the antiarrhythmic activ- 
ity of morphine. In addition to these mechanisms, 
direct inhibition of 4, by morphine may contribute 
partly to the antiarrhythmic activity of i.v. morphine. 

In summary, morphine inhibited Na* channels pri- 
marily by binding to inactivated Na* channels. This 
effect may contribute to the negative inotropism and 
antiarrhythmic activity of morphine in cardiac 
tissues. 
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Differential inhibitory effects of thiopental, thiamylal and phenobarbital 
on both voltage-gated calcium channels and NMDA receptors in rat 


hippocampal slices 


R.-Z. ZHAN, N. FUJIWARA, T. YAMAKURA, K. TAGA, S. FUKUDA AND K. SHIMOJI 


Summary 

Although it is known that there are some pharma- 
cological differences between the structurally 
similar barbiturates, the underlying mechanism 
of action remains unclear. We have compared the 
effects of thiopental, thiamylal and phenobarbital 
on both voltage-gated calcium channels (VGCC) 
and A-methyl-p-aspartate (NMDA) receptors in rat 
hippocampal slices by determining changes in 
intracellular calcium ([Ca™]). Experiments were 
performed in adult rat hippocampal slices per- 
fused with Krebs solution (37°C). Concentrations 
of [Ca”], in the pyramidal cell layer of the CA1 
region were measured using a calcium indicator 
dye, fura-2. To activate VGCC and NMDA recep- 
tors, slices were exposed to K*60 mmol litre’ 
(<60 s) and NMDA 100 pmo! litre” (30 s), respec- 
tively. Thiopental, thiamylal and phenobarbital 
were present 5 min before, during and 1 min after 
high K* or NMDA application. Both thiamylal and 
thiopental (50-600 umol litre’) attenuated the 
increases in [Ca™], produced by high K* or NMDA 
in a concentration- -dəpendent manner, while 
phenobarbital 50-1000 umol litre’ only slightly 
attenuated the [Ca™], increase produced by high 
K* at concentrations of more than 200 umol litre” 
and was ineffective on the [Ca"], response pro- 
duced by NMDA. Although the increases in [Ca], 
caused by membrane depolarization with high K 
were reduced equally with thiamylal and thiopen- 
tal, thiamylal was more effective in attenuating 
the increase in [Ca”], produced by NMDA receptor 
activation than thiopental. We conclude that the 
depressant effects of barbiturates on both VGCC 
and NMDA receptors varied between agents. 
Differential inhibition of both VGCC and NMDA 
receptors may determine the pharmacological 
properties of barbiturates and their ability to pro- 
tect neurones against ischaemia. (Br. J. Anaesth. 
1998; 81: 932-939) 


Keywords: hypnotics barbiturate, phenobarbital; anaesthet- 
ics i.v., thlamylal; anaesthetics i.v., thiopental; receptors, 
amino acid; ions, calcium; ions, ion channels, voltage-gated 


Barbiturates are central nervous system (CNS) depres- 
sants and clinically used as sedatives, hypnotics, anti- 
convulsants and anaesthetics. At the molecular level, all 
barbiturates can potentiate GABAergic neurotransmis- 

sion, and this action is thought to mediate some of the 
behavioural changes mentioned above.’ However, 


there are some pharmacological differences between 
the structurally similar barbiturates. For example, phe- 
nobarbital is an anticonvulsant that produces minimal 
sedation at clinically effective doses, whereas pentobar- 
bital profoundly depresses the CNS at anticonvulsive 
doses.’ In contrast, evidence has emerged that the 
ability of barbiturates to protect neurones against 
ischaemia varies,’ while they all seem homogeneous in 
their capacity to reduce cerebral metabolic rate. Thus 
the GABA hypothesis does not explain the differences 
in pharmacological profiles of the various barbiturates. 
Presumably, these differences could be caused by the 
actions of these drugs on other target sites. 

By determining intracellular calcium ([Ca"]) 
responses in brain slice preparations, we observed that 
thiopental inhibited both voltage-gated calcium chan- 
nels (VGCC) and NMDA receptors and in addition, 
its inhibitory effect on NMDA receptors represented 
regional differences‘ in accordance with the regionally 
specific protection produced by thiopental.’ “Thus we 
hypothesized that the inhibitory effects exhibited by 
each barbiturate on both VGCC and NMDA recep- 
tors may not be equivalent. In this study, we have com- 
pared the effects of three barbiturates (thiopental, 
thiamylal and phenobarbital) on both VGCC and 
NMDA receptors in rat hippocampal slices. VGCC 
and NMDA receptors were activated by membrane 
depolarization with high K*’ and NMDA, respectively. 
The activities of VGCC and NMDA receptors were 
determined by measuring changes in [Ca], 


Materials and methods 


This study was approved by the Committee on the 
Guidelines for Animal Experimentation at Niigata 
University. Experiments were conducted on hippo- 
campal slices obtained from male Wistar rats, weigh- 
ing 100-130 g (30-35 days old). The animals were 
deeply anaesthetized with isoflurane and decapi- 
tated. Their brains were removed rapidly and 
immersed in ice-cold oxygenated Krebs solution 
containing (mmol litre’): NaCl 117, KCl 3.6, 
NaH,PO, 1.2, CaCl, 2.5, MgCl, 1.2, NaHCO, 25 
and glucose 11.5. Brains were cut coronally into 
350-um thick sections with a vibrating tissue slicer 
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(DTK-1000, Dosaka, Kyoto, Japan). Hippocampi 
were isolated from the appropriate sections. 

To load fura-2 intracellularly, slices were incubated 
in oxygenated Krebs solution containing 10 pmol 
litre’ of the acetoxymethyl ester of fura-2 (fura- 
2/AM) (Dojindo, Kumamoto, Japan) and 0.1% 
Pluronic F-127 (Boehringer, La Jolla, CA, USA) for 
90 min at 21-23°C using an interface chamber. 
Subsequently, these slices were rinsed twice and re- 
incubated in oxygenated Krebs solution for an addi- 
tional 20-30 min to allow hydrolysis of the 
acetoxymethy] ester. 

The fura-2 loaded slices were transferred individu- 
ally into a recording chamber (effective volume 
0.30 ml) mounted on the stage of an inverted fluores- 
cence microscope (Diaphot, Nikon, Tokyo, Japan) 
equipped with a 20xobjective, and were superfused 
continuously with 95% oxygen—5% carbon dioxide- 
equilibrated Krebs solution. The flow rate was 5.5 ml 
min”, and the temperature in the recording chamber 
was kept at 36.5-37.5°C using a heating bath. 
Concentrations of [Ca"], in the pyramidal cell layer of 
the CAI region were monitored as the fluorescence of 
fura-2, with a microspectrofluorimeter JASCO CAM- 
500, Japan Spectroscopic Co. Ltd, Tokyo, Japan), as 
described previously.** Excitation light was obtained 
from a xenon lamp (150 W) equipped with a rotating 
light chopper and two sets of monochromator. The 
intensity of fura-2 fluorescence at 510 nm emission 
was obtained at 340 and 380 nm excitation wave- 
lengths. The fluorescence signals at 340 (1,,,) and 380 
nm wavelengths (la) collected from a 100 pmx400 
lim area of the CAI pyramidal cell layer with an 
adjustable diaphragm were detected by a photomult- 
plier at 1 Hz. Changes in L» Le and their ratio 
LaLe Were recorded simultaneously with a chart 
writer. A true increase in [Ca"], was identified as an 
increase in L/L with an increase in L, but a decrease 
in Lẹ, Concentrations of [Ca”], are represented as 


Membrane depolarization and NMDA receptor 
activation were produced by exposing slices to K* 
60 mmol litre’ (<60 s) and NMDA 100 pmol litre” 
(30 s), respectively. Tetrodotoxin 0.5 pmol litre” was 
present before, during and 1 min after high K* or 
NMDA application. Since [Ca”’], responses produced 
by K* 60 umol litre” were reproducible in the same 
slice, changes in L,,/I,,, produced by repeated expo- 
sures to K* 60 pmol litre” were normalized to the first 
exposure in each slice as net changes in L,,/I,,,. The 
changes in L,,,/L,, in response to NMDA were normal- 
ized to L,,,/I,,, just before NMDA application (peak 
over LiL immediately before NMDA application). 
To monitor the viability of slices and whether or not 
the effects of barbiturates were reversible, a second 
exposure to NMDA was performed in each slice. Data 
for statistical analysis were obtained from the first 
exposure. The effects of lanthanum (La™), a non-spe- 
cific VGCC blocker,” ™" on NMDA-mediated changes 
in [Ca™], were examined in 20 mmol litre” of Hepes- 
buffered solution containing (mmol litre’): NaCl 
123.2, KCI 3.6, NaH,PO, 1.2, CaCl, 2.5, MgCl, 1.2 
and glucose 11.5 (pH 7.35, adjusted by NaOH). 

Drugs were applied by superfusion. DL-2-amino-5- 
phosphonovaleric acid (APV), phenobarbital, sodium 
thiopental, sodium thiamylal and verapamil were 
added to the bathing media 5 or 10 min before, during 
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and 1 min after high K* or NMDA application. APV, 
N-methyl-p-aspartate (NMDA), sodium thiamylal 
and verapamil hydrochloride were purchased from 
Sigma Chemical Co. (St Louis, MO, USA). Sodium 
thiopental was a gift of Tanabe Pharmaceutical Co. 
(Osaka, Japan). Lanthanum chloride, phenobarbital 
and tetrodotoxin (TTX) were obtained from Wako 
Chemical Industries Ltd (Osaka, Japan). @-conotoxin 
GVIA was purchased from RBI (Natick, MA, USA), 
and q@-agatoxin-TK was obtained from Peptide 
Institute Co. (Osaka, Japan). 

Data are expressed as mean (sD) and were analysed 
using either Student’s ż test or one-way ANOVA. 
ANOVA was followed by Dunnett’s post hoc test for 
multiple comparisons. P<0.05 was considered statis- 
tically significant. 

Results 
CHANGES IN [CA?*], INTHE PYRAMIDAL CELL LAYER OF 


THE CA1 REGION IN RESPONSE TO MEMBRANE 
DEPOLARIZATION WITH HIGH K“ 





ry a 
Ca 0 mmol litre7'+ EGTA | mmol litre™! 









Verapamil 50 pmol litre ™ 


i 
w-Agatoxin-TK 50 nmol litre™! 


Figure 1 Original recordings showing the changes ın fura-2 
fluorescence signals (1,,,) and L,,,) and/or fluorescence ratio 
(LaLa) in slices responding to K* 60 mmol litre” under various 
conditions. Experiments were performed in a NaHCO, 25 mmol 
litre™/carbon-dioxide- 5% buffered solution at 37.0°C The 
arrowheads indicate the onset of high K* The duration of high K* 
application was less than 60 s (removed just after the peak ILs 
was achieved). a: Changes in Lup Ls and L,/I,,, when a slice was 
exposed repeatedly to K* 60 mmol litre". sB: Effect of Ca” removal 
(supplemented with EGTA 1 mmol litre”). c: Effect of verapamil 
50 mol litre”. p. Effect of -agatoxin-TK 50 nmol litre”. 
Removal of Ca” and application of Ca™ channel blockers are 
indicated by bars below the traces. Vertical indicates net change in 


Labeo 
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Figure la illustrates changes in L Le and Lyh 
when a hippocampal slice was repeatedly exposed to 
Kt 60 mmol litre’ for a duration of less than 60 s; the 
rapid increase in L,,,/I,,, with an anti-parallel change 
in L and Ls (increase in I,,, but decrease in Ly) was 
reproduced in the same slice at least three times. After 
removal of Ca” from the bathing medium (supple- 
mented with EGTA 1 mmol litre”), changes in L,,/Ty.) 
(normalized to the first response) by K” 60 mmol 
litre’ declined to 20.1 (4.4)% (n=6) as shown in fig- 
ure 1B. Perfusion of slices with @-conotoxin-GVIA 
1 pmol litre’, an N-type calcium channel blocker for 
15 min, had no effect on the changes in L,,,/L,, caused 
by K* 60 mmol litre” (trace not shown). Pretreatment 
with verapamil 50 umol litre’, an L-type channel 
blocker, and @-agatoxin-TK 50 nmol litre”, a P/Q- 
type channel blocker,” ° reduced the increases in 

by K* 60 mmol litre” to 75.4 (4.3)% (n=5) and 
to 66.2 (2.2)% (n=4), respectively (fig. 1c-D), indi- 
cating that the increases in [Ca], caused by mem- 
brane depolarization with K* 60 mmol litre were the 
result of opening of multiple Ca” channels. Inhibition 
of @-agatoxin-TK was irreversible (fig. 1D). 


EFFECTS OF THIOPENTAL, THIAMYLAL AND 
PHENOBARBITAL ON INCREASES IN [ca a) PRODUCED, BY 
MEMBRANE DEPOLARIZATION WITH HIGH K* 


Pretreatment with thiopental 50-600 pmol litre”, 
thiamylal 50-600 pmol litre’ or phenobarbital 
50-1000 umol litre” did not affect either I,,,, Ls or 
basal L/L However, they reduced the increases in 

caused by membrane depolarization with high 
K in an agent-specific manner (figs 2, 3). Both 
thiopental and thiamylal reduced changes in LyLo 
by K* 60 mmol litre starting from a concentration 
of 100 mol litre”, and their effects were maximal at 
600 pmol litre", The increases in caused by K* 
60 mmol litre were reduced to 46.8 (3.8)% (n=7) by 


Thiopental 
50 


Thiamylal 
50 
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thiopental 100 umol litre” and to 45.9 (6.8)% (n=6) 
by thiamylal 100 pmol litre’. At 600 pmol litre”, 
thiopental and thiamylal reduced the increases in 
LaLa Produced by K* 60 mmol litre” to 22.0 (3.1)% 
(n=6) and to 22.0 (1.6)% (n=5), respectively; both 
values were not significantly different from the values 
after removal of Ca” (20.1 (4.4)%, n=6) (unpaired t 
test). The increases in Ly Toan caused by membrane 
depolarization with K* 60 mmol litre’ were not 
affected by phenobarbital at concentrations of 
50-200 pmol litre”, and were slightly reduced at con- 
centrations greater than 200 umol litre” (figs 2, 3). 


CHARACTERISTICS OF THE NMDA-MEDIATED CHANGES IN 
Iyaq/ Iago IN PYRAMIDAL CELL LAYER OF THE CAI REGION 


In the presence of Mg” 1.2 mmol litre”, exposing the 
slices to NMDA 100 pmol litre for 30 s increased 
Libe BY 134.0 (3.6)% in the CAI pyramidal cell 
layer (n=6); this response was not completely repro- 
ducible in the same slice (fig. 4a). Pretreatment with 
APV 50 umol litre", a competitive NMDA receptor 
antagonist, reversibly abolished the NMDA-medi- 
ated increase in L,,/I,,, (fig. 48), indicating that the 
increase in L,,/I,,, induced by NMDA initially 
resulted from NMDA receptor activation. As La” 
reacted with either HCO, or H,PO, to form an 
insoluble precipitate, its effects on the NMDA-medi- 
ated changes in L,/L,, were examined in Hepes- 
buffered solution 20 mmol litre” omitting NaH,PO,. 

In the buffer solution, the increases in L,,,/I,,, (134.4 
(4.9)%, n=6) produced by the first exposure to 
NMDA were not affected compared with those in the 
bicarbonate-buffered solution (P>0.05, unpaired t 
test), while the increases in L/L produced by the 
second exposure to NMDA usually disappeared (fig. 
4c). As shown in figure 4p, the increase in I,,/I,,, 
caused by NMDA application was not significantly 
reduced by adding La” 30 pmol litre’ to Hepes- 


Phenobarbital 


2 Effects of thiopental, thiamylal 50, 100, 200, 400 and 600 pmol htre™ phenobarbital 50, 200, 400, 600 and 


1000 pmol litre” on changes in 


produced by K* 60 mmol litre” ın the CA1 pyramidal cell layer. The arrowheads 


indicate the onset of high K*. The duration of ‘high K’ application was less than 60 s (removed just after the peak Liha 
was achieved). Thiopental 50-600 umol litre”, thiamylal 50-600 pmol htre” and phenobarbital 50-1000 umol hitre” 
were present 5 min before, during and I min after application of K* 60 mmol litre’, as mdicated by bars above each 


trace. Vertical line indicates net change in ILe: 
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Figure3 Concèntration-response curves showing the depressant 
effect of thiopental, thiamylal and phenobarbital on changes n 
fale produced by membrane depolarization with K* 60 mmol 

. Each point represents the mean of data from 6-8 slices and 
mar bars indicate sp. Statistical analyses were made by 
Dunnett’s post hoc test following one-way ANOVA. ***P<0.0001 
os either thiopental or thiamylal; +P<0.05 vs zero dose; 
THP<0.0001 vs zero dose. 


buffered solution (131.4 (4.2)%, n=7). We failed to 
use divalent cations (cadmium or cobalt) to block 
VGCC in slice preparations, because these divalent 
cations themselves gradually changed either L,,, Ls 
-or Ladle (data not shown), probably as a result of 
entry of these divalent cations. The changes in L,,,/L,,, 
produced by NMDA application was essentially 
abolished when Ca was removed from the bathing 
medium (data not shown). 


EFFECTS OF THIAMYLAL, THIOPENTAL AND 
PHENOBARBITAL ON [CA?"] RESPONSES INDUCED BY NMDA 


The increases in L/l produced by NMDA were 
attenuated by either thiopental 200-600 umol litre” 

or thiamylal 100-600 pmol litre’. In contrast, the 
changes in ILs produced by the second exposure 
to NMDA were enhanced on increasing the concen- 
tration of thiopental or thiamylal (fig. 5). At the same 
concentrations, the NMDA-induced changes in 
[Ca”], were attenuated to a greater extent by thia- 
mylal compared with those by thiopental (figs 5, 7). 
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Thiamylal produced almost complete inhibition at 
200-400 pmol litre’, while complete inhibition 
could not be achieved by thiopental, even at 600 
umol litre”. Phenobarbital 50-1000 pmol litre” had 
no detectable effect on the changes in L,,/I,,, pro- 
duced by NMDA application (figs 6, 7) even when 
the duration of pretreatment was prolonged to 10 
min (fig. 6). 


Discussion 


In brain slice preparations, the fura-2 fluorescent 
technique can be used to estimate the average 
changes in [Ca], of a heterogeneous population, 
including neuronal somata, axons and dendrites, in 
addition to glial cells. A true increase in [Ca”] can be 
confirmed as an increase in LaLe with a mirror 
image at L, and Loe * The principle observation in 
this study was that the three barbiturates (thiopental, 
thiamylal and phenobarbital) were differentially 
inhibiting the increases in [Ca“’] mediated by mem- 
brane depolarization and NMDA receptor activa- 
tion. 


EFFECTS OF BARBITURATES ON VOLTAGE-GATED CALCIUM 
CHANNELS (VGCC) 


In the CNS, several classes of VGCC have been 
grouped according to their biophysical properties 
and -their sensitivities to Ca’’-channel blockers. 
Changing K* equilibrium potential with a high K* 
solution is the most frequently used depolarizing 
method, which causes the opening of VGCC without 
activation of sodium channels.“ Monitoring the 
changes in [Ca”’], is thought to be useful for assessing 
the activities of VGCC during K* depolarization. 
Removal of [Ca], from the bathing medium 
reduced the high K*-induced increases in [Ca”’], by 
approximately 80%, indicating that increases in 
[Ca™], produced by plasma membrane depolariza- 
tion with high K* are predominately a result of cal- 
cium entry into the cells. We did not try to compare 
the inhibitory effects of VGCC by the three barbitu- 
rates with other specific VGCC blockers, because 
there is no single agent available to eliminate the 
[Ca], response caused by larger membrane depolar- 
ization with high K*.” ” However, we found that 
both verapamil, an L-type VGCC blocker, and - 
agatoxin-TK, a P/Q-type VGCC blocker, partially 





APV 50 pmol litre™! 
Bicarbonate buffer 


La” 30 umol litre” 1340/1380 
Hepes buffer l3 
2 min 


Figure 4 Typical traces showing the characteristics of the NMDA-induced changes in I,,,/I,,, in the CAI pyramidal cell 
layer. Arrowheads indicate NMDA application (100 umol litre” for 30 8). A: Increase in I,,/I,,, caused by NMDA was 
not completely reproducible. B: Pretreatment with APV 50 pmol lire’ (indicated by the bar beneath the trace) reversibly 
abolished the Ca” response produced by NMDA. c’The Ca” response to a second exposure to NMDA was almost 
completely abolished in the slice perfused with Hepes-buffered solution. D: In the presence of La” 30 pmol litre”, the 
change in I,,/I,,, produced by NMDA was rarely affected. Vertical line indicates net change mm LoLo 
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Thiopental 


Thlamylal 





Figure 5 Effects of thiopental and thiamylal on changes in 

caused by application of NMDA 100 umol litre” for 30 s. Addition 
of NMDA 18 indicated by the arrowheads. Thiopental 50-600 jimol 
litre’ and thiamylal 50-600 umol litre’ were present 5 min before, 
during and 1 min after exposure to NMDA, as indicated by the 
bars above each trace. Vertical hne indicates net change in L/l: 


reduced the high K*-induced increases in [Ca], If 
no overlap exists between verapamil and w-agatoxin- 
TK, it appears that activation of L-, P/Q-type VGCC 
contributes to approximately 60% of the increase in 
[Ca”], produced by K* 60 mmol litre’ in the CA1 
pyramidal cell layer. @-Conotoxin GVIA, an N-type 
calcium channel blocker, had no effect on the high 
K’*-induced increase in [Ca”’], and is consistent with 
the observation that @-conotoxin GVIA is ineffective 
under strong depolarization.” 

Barbiturates such as thiopental and pentobarbital 
are known to block calcium currents in several non- 
neuronal cell lines,” and in neurones.” By deter- 
mining changes in [Ca”], we have shown that 
thiopental, a typical ultra-short acting barbiturate, 
inhibits VGCC in a concentration-dependent man- 
ner in both the hippocampus and cortex.‘ Here we 
demonstrated that the inhibitory effect of thiamylal 
on VGCC was almost equipotent with thiopental 
(figs 2, 3). Comparing thiopental and thiamylal with 
the specific VGCC blockers, it became clear that at 


50 pmol litre@" 





400 pmol litre? 





1000 pmol litre? 
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clinically relevant concentrations (100-400 pmol 
litre’), both thiopental and thiamylal were potent 
VGCC blockers. At 600 pmol litre’, they reduced 
the increases in [Ca’’], to degrees similar to removal 
of Ca”, suggesting that they must affect multiple 
VGCC. Given the importance of calcium influx 
through VGCC in both physiological and pathologi- 
cal conditions, differential inhibition of VGCCs by 
barbiturates might account in part for the differences 
in their effects on behavioural changes in addition to 
their neuroprotective effects. 


INCREASES IN [CA""], CAUSED BY NMDA IN THE SLICE 
PREPARATION 


As NMDA receptor channels are highly permeable 
to Ca”, recording NMDA-induced [Ca”’], responses 
can also be used as an indicator to estimate the activi- 
ties of NMDA receptors.” In the presence of Mg” 
1.2 mmol litre", bath-applied NMDA evoked an 
increase in [Ca"], in the pyramidal cell layer of the 
CA1 region in vitro. Perfusion of slices with APV, a 
competitive NMDA receptor antagonist, reversibly 
abolished this [Ca’’], response, indicating that the 
[Ca”], response initially resulted from NMDA recep- 
tor activation. Because glial cells lack NMDA recep- 
tors and their [Ca’’], concentrations are insensitive to 
NMDA”, both the changes in [Ca™], produced by 
NMDA receptor activation and the effects of barbi- 
turates on these changes should be considered to 
occur mainly in neurones and not in glial cells. The 
[Ca”*], response produced by a second exposure to 
NMDA was smaller than that produced by the first 
exposure in each slice. There are two possible expla- 
nations for the gradual decline of the NMDA-medi- 
ated [Ca], response on repeated exposure to 
NMDA. First, NMDA-evoked neuronal injury” 
might result in a reduction in NMDA-mediated 
responses. Second, a large increase in [Ca™], after 
NMDA application may Jead to long-term inactiva- 
tion of NMDA receptors.” 

Although it is possible that the increases in [Ca”’], 
produced by NMDA may be in part caused by mem- 
brane depolarization after NMDA receptor activa- 
tion, we did not systematically separate calcium entry 
through NMDA receptor-gated calcium channels or 
VGCC for two reasons. First, the divalent cations 
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Figure 6 Onginal recordings showing the effects of phenobarbital on changes 1n L Ls caused by NMDA 100 umol 
litre’ (30 s). Addition of NMDA is indicated by the arrowheads. Phenobarbital was present 5 mun (or 10 mm, bottom 
trace) before, during and 1 min after application of NMDA, as indicated by bars above each trace. Vertical line indicates 
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Figure 7 Concentration—response curves showing the effects of 
thiopental, thiamyial and phenobarbital on changes ın 

produced by application of NMDA 100 pmol litre” for 30 8. 
Normalization was performed by dividing peak I,,,/I,,, after 
NMDA application to L,,,/I,,,just before application of NMDA. 
Each pomt represents the mean of 6-8 slices and error bars 
indicate sp. Statistical analysis was made by Dunnett’s post hoc test 
following one-way ANOVA. *P<0.05 vs thiamylal; **P<0 001 vs 
either thiopental or thiamylal; }P<0.01 os thiamylal; }}P<0.001 vs 
thiamylal; $:P<0.001 us zero dose. 


used to block VGCC can interact with both the cal- 
cium indicator dye fura-2 and the glutamate recep- 
tor,” and second, no single VGCC blocker enabled us 
to eliminate [Ca”], responses caused by membrane 
depolarization. As described below, the changes in 
[Ca”], in response to NMDA seemed to be caused 
mainly by opening of NMDA-gated calcium chan- 
nels in the slice preparation. 


DIFFERENTIAL EFFECTS OF THIOPENTAL, THIAMYLAL AND 
PHENOBARBITAL ON NMDA RECEPTORS 


Of the three barbiturates, phenobarbital was found to 
be ineffective in inhibiting the [Ca”], response pro- 
duced by NMDA. Thiamylal produced almost com- 
plete inhibition at concentrations in excess of 200 
umol litre’ while complete inhibition could not be 
achieved by increasing thiopental to 600 umol litre”. 
Phenobarbital, used clinically as an anticonvulsant, 
did not inhibit the NMDA-induced increase in 
[Ca”’],. This finding is consistent with the observa- 
tion that the NMDA-related EPSP is not affected 
by phenobarbital at a concentration of 50 pg mi” 
(215 umol litre*).” Thiamylal, an ultra-short acting 
barbiturate, is considered to be clinically indistin- 
guishable from thiopental. Surprisingly, the 
inhibitory effect of thiamylal on NMDA receptors 
was more effective than thiopental. As the increases 
in [Ca”], by NMDA receptor activation may in part 
result from opening of VGCC secondary to mem- 
brane depolarization, one can argue that the strong 
inhibition of the NMDA-induced [Ca”], response by 
thiamylal could be related to its inhibition of VGCC. 
We feel that this is unlikely. First thiopental 100 pmol 
litre” attenuated the [Ca™], response produced by 
high K* by more than 50% without affecting the 
NMDA-mediated [Ca™], indicating that inhibiting 
VGCC did not simply attenuate the NMDA- 
mediated increase in [Ca™],. Second, La”, a non- 
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specific VGCC blocker which has been shown to 
effectively attenuate kainate-mediated increases in 
[Ca], in rat dorsal horn neurones,” had no signifi- 
cant inhibition of the NMDA-mediated [Ca”], 
response. Third, while the inhibition of thiamylal on 
the increase in [Ca], produced by membrane 
depolarization with high K* was almost equivalent to 
that of thiopental, the inhibitory effect of thiamylal 
on the NMDA-mediated increase in [Ca”’], was more 
potent than that of thiopental. These results suggest 
that direct inhibition of NMDA receptors, rather 
than inhibition of VGCC contributes to the differ- 
ence between thiopental and thiamylal on NMDA- 
induced increases in [Ca™],. Compared with APV, 
a higher concentration of thiamylal was needed to 
completely block NMDA receptors, probably reflect- 
ing the fact that the affinity of thiamylal for NMDA 
receptors is lower than that of APV. 


SIGNIFICANCE OF DIFFERENTIAL INHIBITION ON BOTH 
VGCC AND NMDA RECEPTORS BY BARBITURATES 


It is interesting to note that phenobarbital, an anti- 
convulsive agent, only slightly attenuated the [Ca"], 
response produced by membrane depolarization at 
concentrations greater than 200 umol litre”. This is 
in accordance with the observation that inhibition of 
calcium current by phenobarbital is weaker than that 
of pentobarbital.” Comparison of the inhibitory 
effects of thiopental and thiamylal on VGCC with 
phenobarbital, raises the question of whether or not 
differential inhibition of VGCC contributes to the 
differences in pharmacological profiles. It is known 
that Ca” influx through VGCC is necessary for trig- 
gering the release of neurotransmitters”; one conse- 
quence of inhibition of VGCC could be block of Ca” 
entry into presynaptic nerve terminals and inhibition 
of release of neurotransmitters such as glutamate, 
resulting in a net reduction of excitatory synaptic 
transmission. Experiments performed in synapto- 
somes” and SH-SY5Y human neuroblastoma cells” 
have demonstrated that thiopental, at clinically relevant 
concentrations, can reduce high K’-evoked neuro- 
transmitter release. In addition to this, examining the 
interaction between VGCC blockers and anaesthetics 
revealed that VGCC blockers reduce, while VGCC 
openers increase anaesthetic requirements.” ” From 
the above observations, it is conceivable that induction 
of the anaesthetic state by thiopental and thiamylal may 
be caused partly by inhibition of VGCC. To establish 
that VGCC are the target sites for induction of the 
anaesthetic state, further efforts should be made to 
understand, under physiologically relevant conditions, 
what concentrations of barbiturates are needed to 
reduce Ca” entry into presynaptic terminals and the 
release of neurotransmitters, and whether the decreases 
in Ca” influx and release of neurotransmitters are 
causally associated in a reduction of postsynaptic mem- 
brane excitability. 

Although barbiturates are known to have a protec- 
tive effect against cerebral ischaemia, the underlying 
mechanism(s) remains unclear.” Evidence has 
emerged that combined inhibition of both VGCC 
and NMDA receptors may have synergistic effects in 
protecting ischaemic neurones; Rod and Auer” have 
shown that neither nimodipine, aVGCC blocker, nor 
dizocilpine, an NMDA receptor antagonist, but a 
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combination treatment with both agents protected 
neurones in'a rat model of transient forebrain 
ischaemia. On the other hand, sigma ligands, such as 
dextromethorphan, protect neurones against 
ischaemia” ” by a mechanism that has also been 
related to inhibition of both VGCC and NMDA 
receptors.” ® Thiopental has been shown to inhibit 
both VGCC and NMDA receptors and its inhibition 
of NMDA receptors is more effective in the cortex 
than in the hippocampus.‘ This is in good agreement 
with the observation that thiopental protects neu- 
rones in the cortex but not in the hippocampus.” On 
the basis of these observations, it is rational to specu- 
late that combined inhibition on both VGCC and 
NMDA receptors could be important in determining 
the neuroprotective action of barbiturates. As the 
effect of thiamylal on brain ischaemia is reported 
rarely, experiments in vivo are necessary to examine 
if the neuroprotective effect produced by thiamylal 
is superior to other barbiturates, especially in the 
hippocampus. 

In summary, the effects of barbiturates on both 
VGCC and NMDA receptors varied between agents. 
Differential inhibition of both VGCC and NMDA 
receptors may be factors in determining the diversity of 
pharmacological properties of barbiturates and their 
ability to protect neurones against ischaemic damage. 
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High predictive value of red cell volume measurement using carboxy- 
haemoglobin in a rabbit model of haemorrhage 


H. Ogata, F. Goto, T. Nara, F. KuNIMoTo, N. OrtucHI, E. MIsHIBA AND M. NEMOTO 


Summary 

We have studied the accuracy of blood volume 
measurements using carbon monoxide (CO)- 
labelled haemoglobin (COHb) injection and dilu- 
tion (CO method) by comparing changes in red 
cell volume (RCV) measured using the CO 
method and “Cr-labelled erythrocyte dilution 
("Cr method) in a haemorrhage and infusion 
model in rabbits. RCV was measured repeatedly 
using the CO method at four different blood vol- 
ume stages (stages I-IV). At stages | and IV, RCV 
was measured simultaneously using the “Cr 
method. In comparing the sum of the circulating 
RCV and extracted RCV (SUM RCV) using the CO 
method, the values were almost equal and there 
were no significant differences between the val- 
ues at the four stages. In comparing circulating 
RCV measured using the CO method and the "Cr 
method, mean difference between the two meth- 
ods was 0.80 (sp 0.76) ml kg” or 4.7 (4.6)%, anda 
positive correlation was observed (r=0.91). We 
conclude that the CO method can be used to 
measure blood volume during perioperative 
periods in infants because it avoids use of a 
radioactive tracer, is simple and repeated mea- 
surements are possible. (Br J. Anaesth. 1998; 
81: 940-944). 


Keywords: measurement techniques, blood, volume; blood, 
volume; model, rabbit 





It has been reported that haemodynamic data 
obtained from pulmonary artery catheters such as 
cardiac output and pulmonary capillary wedge pres- 
sure could not predict blood loss or erythrocyte 
deficit. The ™Cr-labelled erythrocyte dilution 
method (’Cr method) for blood volume measure- 
ment has been reported previously.’ However, the 
use of radioactive tracer in the operating room is pro- 
hibited and additionally, the radioactive tracer 
should not be injected in young patients. The indo- 
cyanine green (ICG) dilution method‘ has several 
problems for operative patients, and injection of dye 
also alters the value of the pulse oximeter in the 
anaesthetized patient.’ It is reported that the carbon 
monoxide (CO) rebreathing method overestimates 
blood volume measured using the ~Cr method 
because CO distribution in the body might be larger 
than true blood volume.‘ 

We are now using the CO-labelled haemoglobin 
(COHb) injection and dilution method (CO 
method) for blood volume measurement. The basis 


of this method is the same as for “Cr. One disadvan- 
tage of the CO method is that a volume of more than 
50 ml of CO-labelled blood is necessary to obtain 
reliable data in adult patients.” However, the CO 
method has several advantages over other methods 
because it requires only a brief time for labelling and 
allows rapid and repeated measurements with a CO- 
oximeter in the operating room or intensive care unit 
(CU). Further, the CO method avoids use of a 
radioactive tracer and could be used to measure 
blood volume in children. 

In this study, we have investigated the accuracy 
and reliability of the CO method in a haemorrhage 
and infusion model using rabbits. The accuracy of 
blood volume measurement was determined by 
assessing changes in red cell volume (RCV) at four 
different blood volume stages and then comparing 
the values measured using the CO method with those 
obtained with the “Cr method. Rabbits were used 
because body weight is similar to human infants. 
Demonstration of the accuracy and reliability of the 
CO method may indicate the clinical usefulness of 
this technique in blood volume measurement in 
infants. 


Materials and methods 


ANIMAL PREPARATION 


The experimental procedure was approved by the 
Animal Care and Use Committee of Gunma 
University. Six Japanese white male rabbits weighing 
2.3-3.7 (3.1£0.6) kg were used. Before the study, 
rabbits were anaesthetized with 1-4% sevoflurane 
and oxygen via a face mask to enable catheterization. 
A 3-French gauge catheter was inserted into the 
jugular vein for fluid infusion and for injection of 
CO-labelled blood or “Cr -labelled erythrocytes. For 
blood sampling and withdrawal, another 3-French 
gauge catheter was inserted into the carotid artery. 
Arterial pressure and heart rate were monitored 
using an arterial pressure monitoring system 
(AP601G, Nihon-Kohden, Tokyo, Japan) connected 
to the carotid arterial catheter. After placement of 
the catheters, rabbits were allowed to recover from 
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Red cell volume measurement using carboxy-haemoglobin 


anaesthesia and were then restrained in a standard 
stainless-steel rabbit holder in room air. 


PROCEDURE FOR MEASUREMENT OF RCV 
CO method 


RCV was measured in four stages: normovolaemic 
stage (stage I); removal of blood (stage I); after infu- 
sion of physiological saline and hydroxyethylstarch 
(HES) (stage I); and after re-transfusion of the 
blood removed before stage II (stage IV). 

At stage I, 4.5 ml of blood were obtained into a 
syringe containing heparin sodium solution. After 
measurement of haematocrit, 4 ml of blood were 
labelled by mixing with CO gas for 10 min in a 20-ml 
syringe. The mean COHb concentration in the CO- 
labelled blood was higher than 95% when mixing 
was completed, and remained at this concentration 
for more than 5 h in the syringe. COHb concentra- 
tions were measured using a CO-oximeter (OSM3, 
Radiometer, Copenhagen, Denmark) adjusted in the 
animal mode for rabbit haemoglobin. Arterial blood- 
gas tensions were measured simultaneously 
(ABL300, Radiometer, Copenhagen, Denmark). 

After obtaining two 0.5-ml samples of blood for 
measurement of baseline COHb concentration, 3 ml 
of CO-labelled blood were injected into the venous 
catheter. After injection of CO-labelled blood, two 
0.5-ml samples of blood were obtained at 4, 8 and 12 
min (fig. 1). 

In our preliminary experiment, blood sampling for 
measurements of COHb concentration was per- 
formed at 2, 4, 8, 12, 16 and 32 min after injection of 
CO-labelled blood. However, the values at 2 min var- 
ied widely and were not considered for estimation of 
blood volume. The COHb regression line was stable 
for 4-12 min in rabbits (fig. 2) which has also been 
reported in dogs.” Therefore, values at 4, 8 and 12 
min were used for calculation of RCV in this study. 

After injection of CO-labelled blood, several dis- 
tinct dilutional phases are observed: an early circula- 
tion and intravascular mixing phase and a major 
dilution phase. In this study, a major dilution phase 
was achieved within 4 min, and its exponential decay 
was used for estimation of RCV circulating in the 
body. Therefore, the logarithms of this phase were 
extrapolated by the method of least squares to the 
time of injection of CO-labelled blood. Circulating 
RCV was calculated from the following equation: 


V, (ml) xHt, (%)xCOHb, (%)=BV, (ml) 
Ht, (%)x(COHb,-COHb,) (%) 
RCV, (ml)=BV, (ml)x0.9xHt, (%)=100 


where V =injected volume of CO-labelled blood; Ht, 
COHb,=haematocrit and COHb concentration in 
CO-labelled blood; Ht,=haematocrit after injection 
of CO-labelled blood; Ht,, COHb,=haematocrit and 
COHb concentration in circulating blood before 
injection of CO-labelled blood; COHb,=extrapo- 
lated COHb concentration in circulating blood at the 
time of injection of CO-labelled blood; and RCV, 
and BV =circulating red cell volume and circulating 
blood volume, respectively. 

The haematocrit of each sample was determined in 
duplicate using the micromethod. Capillary tubes were 
centrifuged for 5 min at 12 000 rpm. The difference 
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Stage | 
Injection of CO+laballed blood 
3 ml 
Oxygen inhalation 
4mn 4min 4min 30 min IN 
M t t t t OUT 
46m 2x05mi 2x05mi2x08mi 2xcbmi 
Stage Il 
Injection of CO-laballed blood 
3 ml 
Oxygen inhalation 
ámn 4min 4 min 30 min IN 
OUT 
135 mi Fee 2xO05mi 2x05mi2x0bmi 2x056mi 
m 
(total 12 mi kg”) 
Stage Ill 
Infusion of 12 ml kg”? Injection of CO4abelled 
of saline and HES blood 3 mI Oxygen inhalation 
4min 4min 4min 30 min IN 
V t OUT 
2xO05m) 2x05mi2x05mi 2x0§mi 
Stage IV 
Re-transfusion of Injection of CO-labelled 
226+67 mi of blood blood 3 mł 
4min 4min 4min IN 
OUT 
2x05mi 2xO6mizx0imi 2x0bmi 
Stage | 
Injection of *'Cr-labelled blood 
10m! 
| min 10min 10min IN 
+ ł i t OUT 
28m 08m o5mi Dëmi 
Stage IV 
Injection of *'Cr-labelled blood 
10ml 
| 10min 10min 10min IN 
OUT 


2x08mi o5mi o5mi ob mi 


Figure 1 Procedures for measurement of red cell volume using 
the CO (stages I, I, MI and IV) and “Cr (stages I and IV) 
methods. HES=Hydroxyethylstarch. 


between peripheral and central haematocrit, which is 
termed an F cell ratio, influences calculation of blood 
volume. Whole-body haematocrit (Ht-b), obtained 
from direct measurement of RCV and plasma vol- 
ume, is consistently lower than venous haematocrit 
(Ht-v). The ratio of Ht-b/Ht-v was reported to be 
approximately 0.9.” Therefore, we used an F cell ratio 
of 0.9 in this study. 

As shown in figure 1, after measurement at stage I, 
13.5 ml of blood were obtained for CO-labelling 
which was used for measurements of blood volume at 
stages I, III and IV (4.5 ml for each measurement). 
In order to induce the hypovolaemic stage (stage ID, 
another 22.6+6.7 ml of arterial blood were then 
obtained, giving a total volume of blood removed of 
12 ml kg’. At stages I, II and IV, RCV was mea- 
sured using the same method as that used at stage I. 
At stage II, RCV was measured after infusion of 
physiological saline 12 ml kg’ and HES 12 ml kg”. 
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At stage IV, RCV was measured after re-transfusion 
of the previously removed blood (22.6+6.7 ml). 

After each measurement, pure oxygen was admin- 
istered via a face mask for 30 min to facilitate dissoci- 
ation of CO from haemoglobin. Baseline COHb 
concentrations before injection of CO-labelled blood 
were less than 2.5% at each stage. 


The ™ Cr method 


RCV was measured using the "Cr method’ in stages 
I and IV at the same time as measurements using the 
CO method. Initially, 2.5 ml of blood were obtained 
and labelled with “Cr. After centrifugation and wash- 
ing in physiological saline, “'Cr-labelled erythrocytes 
were suspended in physiological saline. Haematocrit 
and "Cr radioactivity were measured with 0.5 ml of 
this suspension. After injection of 1 ml of the ”Cr- 
labelled erythrocyte suspension, 0.5 ml of blood were 
obtained at,10, 20 and 30 min for measurement of 
"Cr radioactivity in circulating blood (fig. 1). 
Another 1 ml of *Cr-labelled erythrocyte suspension 
was used for measurement at stage IV. At stage IV, 
before injection of Cr-labelled erythrocyte suspen- 
sion, two 0.5-ml samples of blood were obtained for 
measurement of baseline "Cr radioactivity in circu- 
lating blood as an indication of residual Cr radioac- 
tivity used at stage I. 

In these measurements, haematocrit of all blood 
obtained was measured for calculation of SUM RCV 
and extracted RCV (RCV). SUM RCV and RCV, 
were defined as follows. 


SUM RCV=RCV,+RCV, 


where RCV =sum of the RCV removed to induce the 
hypovolaemic stage and RCV for labelling and sam- 
pling which existed extracorporeally at each mea- 
surement. 


STATISTICAL ANALYSIS 


Data are presented as mean (sp). One-way analysis of 
variance followed by Scheffé’s F test was performed to 
compare differences between individual measurement 
data. P<0.05 was considered statistically significant. 


Results 


HAEMODYNAMIC OBSERVATIONS 


Mean arterial pressure in stage I was 106 (12.5) mm 
Hg, which decreased significantly to 79 (15.0) mm 
Hg, 85.8 (14.8) mm Hg and 91 (11.5) mm Hg dur- 
ing stages II, IO and IV, respectively. 


CHANGES IN HAEMATOCRIT 


Haematocrit before measurement of stage I was 41.8 
(2.5)%. Haematocrit of CO-labelled blood for mea- 
surements of stages Il, III and IV was 40.3 (2.6)%. 
Haematocrit before measurements during stages II, 
II and IV were 36.2 (1.4)%, 27.5 (2.2)% and 33.4 
(1.7) %, respectively. 


COHB AND ™'CR CONCENTRATIONS 


Mean COHb concentration of CO-labelled blood 
during all four stages was.97.0 (1.1)%. Figure 2 
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shows COHb concentrations of circulating blood in 
four measurements after injection of 3 ml of CO- 
labelled blood. 

Using the “Cr method, mean “Cr radioactivity 
after injection of “Cr-labelled erythrocyte suspen- 
sion in circulating blood in stage IV (5786 (757) 
counts) was approximately 1.7 times higher than that 
in stage I (3341 (526) counts). 


RED CELL VOLUME AND RELATIONSHIP BETWEEN THE TWO 
METHODS 


Table 1 shows RCV,, RCV, and SUM RCV at each 
measurement. In the CO method, there were no sig- 
nificant differences in the values of SUM RCV 
between the four stages. There were no significant dif- 
ferences between the values measured using the CO 
and "Cr methods at stages I and IV. Figure 3 shows 
the correlation between the RCV, values of the, two 
methods and the regression line (Y=0.99.X+0.9, 
1=0.91). Figure 4 shows the difference in paired RCV, 
measured using the two methods. The mean of the 
difference was 0.80 (0.76) ml kg” and the mean of the 
percent difference was 4.7 (4.6)%, respectively. 

After completion of the experiments, all rabbits 
were released from the rabbit holder and survived for 
more than 3 months without complication. 


Discussion 


In this study, we have demonstrated the accuracy of 
blood volume measurement using CO-labelled blood 
in rabbits. The values of SUM RCV measured using 
the CO method in all four stages were similar and a 
positive correlation (7=0.91) (fig. 3) was observed 
between the values of RCV, measured by the CO and 
"Cr methods. The CO method overestimated 0.8 ml 
kg” or 4.7% of the “Cr method (fig. 4), indicating no 
clinically significant bias. In blood volume measure- 
ment, we do not know of any reports similar to ours 
which have compared the differences before and after 
haemorrhage using two different methods. 
Previously studied blood volume measurements 
using CO were performed mainly by CO inhalation. 
Nomof and colleagues‘ reported that RCV measured 
using the CO-rebreathing method was 16% larger 
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Table 1 Curculating red cell volume (RCV ), extracted red cell volume (RCV,) and sum of RCV, and 
RCV, (SUM RCV) in the four stages described in figure 1. Data are mean (sp). *P<0.05 compared with 


stage I measured using the CO method 


CO method 

Stage I Stage I 
RCV, (ml kg”) 19.1 (0.7) 13.3 (0.7)* 
RCV, (mi kg”) 0.37 (0.7) 5.1 (0.2)* 
SUM RCV (ml kg") —-19.4.(0.7) 18.4 (0.7) 
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Figure3 Relationship between circulating red cell volume 
(RCV, measured using the CO and Cr methods. Each point 
represents RCV, of six rabbits measured at stages I and IV, as 
noted ın figure 1. . 
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Figure 4 Difference in circulatng red cell volume (RCV,) 
measured using the CO and “Cr methods plotted against their 
respective means. Each point represents RCV, of six rabbits 
measured at stages I and IV, as noted in figure 1. The horizontal 
lines indicate mean (2 sp). The mean of the difference was 0.80 
(sp 0.76) ml kg”. 


than that of the “Cr method, as some CO was 
located in the extravascular space and some was 
excreted, metabolized or leaked. Root, Allen and 
Gregersen’ reported that RCV measured using 
COHb injection and dilution was 12% greater than 
that of the *P-labelled method. Fukui and Shigemi’ 
reported that the ratio of blood volume values 
assessed by COHb injection and dilution relative to 
the “Cr method ranged from 0.86 to 1.17, with a 
mean ratio of -1.0£0.1 (r=0.93). In our study, the 
ratio of RCV, values by the CO method to the “Cr 


“Cr method 
Stage MI Stage IV Stage I Stage IV 
13.0 (1.0)* 15.8(0.9)* 182(0.7) 15.1 (0.8) 
5.1 (0.7)* 2.5 (0.4)* 0 37(0.7) 25(0.4) 
18.2 (1.0) 18.3 (1.0) 18.6 (0.8) 17 6 (0.9) 


method ranged from 0.97 to 1.14, with a mean ratio 
of 1.05 (0.05) (r=0.91); the CO method slightly 
overestimated the “Cr method. One possible expla- 
nation for overestimation of the CO method is that a 
small amount of CO is released from haemoglobin 
and lost into plasma immediately after injection. 
Because in CO-labelled blood the plasma is satu- 
rated with CO, CO in plasma is diluted by circulating 
plasma and extracellular fluid when injected into the 
systemic circulation. The rapid decrease in COHb 
volume on injection may be responsible for over- 
estimation of blood volume. 

‘In this study, actual blood loss between stages I 
and II was 12 ml kg’. However, loss of circulating 
blood volume calculated by the CO method was 10.2 
(2.0) ml kg” (circulating blood volume values in 
stages I and II were 51.1 (3.7) ml kg” and 40.9 (2.3) 
ml kg’, respectively). The difference in these values 
may be explained by the influx of extravascular fluid 
into the systemic circulation because the haematocrit 
at stage II decreased compared with thar at stage I. 
Circulating blood volume is changed by extracellular 
fluid movement and infusion and therefore we com- 
pared the values of SUM RCV at four different blood 
volume stages for determining the accuracy of the 
CO method. If there was no unaccountable blood 
loss, SUM RCV should maintain at a constant value 
at each stage. However, the percent differences of 
SUM RCV between stage I and stages I, III and IV 
gradually increased and reached a maximum value of 
6.0% at stage IV (the mean of the difference between 
stages I and IV was 1.2 ( 0.4) ml kg”). These small 
increases may be caused in part by unaccountable 
blood loss, such as bleeding from the surgical region, 
and blood loss during labelling and sampling. 

In our preliminary experiment, we measured 
blood volume using the CO method without oxygen 
inhalation after each measurement. Baseline COHb 
concentrations in circulating blood at each stage 
increased gradually with repeated measurements. 
These increased baseline values generated a larger 
deviation in blood volume data and therefore we 
administered pure oxygen for 30 min after each mea- 
surement. Baseline COHb concentrations in the four 
measurements were within 0.4-2.4% in this study. 
These data suggest that oxygen inhalation is neces- 
sary before repeated measurements using the CO 
method. Pure oxygen inhalation rapidly decreased 
blood COHb concentrations. In contrast, “Cr 
radioactivity in circulating blood in stage IV was 
approximately 1.7 times higher than that in stage I. 

In a recent study, Fogh-Andersen and colleagues” 
observed that the absorption spectrum of COHb, 
using an OSM3 analyser, depended on pH and Pco,. 
To minimize this error, we included 5% CO in the 
calibration gas mixture for the two-point calibration 
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of the OSM3 analyser. Pa,. in rabbits was main- 
tained at 4.0-4.7 kPa throughout the experiment. 

There are some disadvantages in the tracer dilu- 
tion methods. It has been reported that the initial 
major dilution is achieved within 10-20 min in 
humans but is prolonged by circulatory dysfunction.® 
In dogs, the major dilution phase was achieved 
within 10 min’ because the phase may be shorter 
than in humans because of smaller body size, smaller 
blood volume and higher heart rate. As it was shown 
that the dilution phase was achieved within 4 min in 
rabbits in our study, RCV was calculated from the 
data obtained at 4, 8 and 12 min after injection of 
CO-labelled blood. 

Using our method, the toxicity of CO-labelled 
blood should be considered. COHb concentration in 
circulating blood was lower than 6% after injection of 
CO-labelled blood in all rabbits. A higher concentra- 
tion of COHb is sometimes observed in smokers 
with no symptoms and is harmless in humans when 
‘the concentration is less than 10%.” ™ ? All rabbits in 
this study survived for more than 3 months without 
complications after completion of the experiments. 

Several methods for blood volume measurement 
have been reported recently. Sugimoto and col- 
leagues’ reported a method for continuous measure- 
ment of blood volume using “Cr in rats. Throughout 
their experiment there was no change in erythrocyte 
volume and therefore changes in blood volume were 
calculated continuously from changes in the radioac- 
tivity of “Cr in circulating blood. If there is bleeding, 
their method could not be used to calculate blood 
volume. Hoeft and colleagues“ reported a different 
method for measuring blood volume using ICG. 
However, blood ICG concentration is influenced by 
hepatic clearance, distribution of ICG, cardiac out- 
put and circulation time. A two-compartment model 
of the circulation is required for an adequate fit of the 
data. Abdominal surgery also changes splanchnic 
blood flow, and therefore measurement of blood vol- 
ume using ICG may have some disadvantages during 
anaesthesia and surgery.” Christensen, Rasmussen 
and Henneberg™ reported on the CO-rebreathing 
method using a to and fro system, and analysed CO 
kinetics by computer simulation. This method is use- 
ful for patients who are treated in the intensive care 
unit. They used a special system designed by Water’s 
Co. to avoid CO leakage. However, in the operating 
room it is difficult to use these types of instruments 
during surgery. In our method, special instruments 
and computer analysis were not necessary. Moreover, 
CO labelling, blood sampling, COHb measurements 
and blood volume calculation are completed within 
30 min in the operating room. The CO method has 
advantages, especially for young patients, because it 
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avoids the use of a radioactive tracer, and injection of 
CO-labelled blood was shown to be safe. 

In summary, we have demonstrated the highly pre- 
dictive value of RCV using a small volume of CO- 
labelled blood in rabbits. This method may be useful 
for repeated measurements of blood volume during 
the perioperative period in infants. 
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Pulmonary artery catheterization in anaesthesia and intensive care 


C. M. H. GOMEz AND M. G. A. PALAZZO 


Since its introduction nearly 30 yr ago, the 
pulmonary artery catheter (PAC) has become part of 
everyday management in cardiology, anaesthesia and 
intensive care but remains controversial.” ” 75 15 144 
The apparent failure to demonstrate improvements 
in patient outcome” “© 1° and the risks associated 
with its use” '” have long been criticized.” Failure to 
explore its full use and redundancy of the catheter 
after initial placement are additional concerns. More 
worrying is the incorrect interpretation of data “"” 
and consequent misdirection of therapy. Others are 
disturbed by a reliance on measurements rather than 
on clinical signs.’ However, many argue that the 
PAC enhances bedside understanding of cardiorespi- 
ratory interactions, complements the interpretation 
of clinical signs and benefits management of haemo- 
dynamic disorders.” 53626577 136 157 170 

The first part of this article reviews the history, 
technical aspects and practical uses of pulmonary 
artery catheterization. The second part evaluates the 
clinical impact of the PAC on anaesthesia and inten- 
sive care medicine. 


Historical developments 


A century and a half ago Bernard, and later 
Chauveau and Marey, detailed left and right heart 
catheterization in live animals while studying pul- 
monary “combustion” (heat production)* and the 
timing of the apical beat.” 

In 1929, Forssmann catheterized his own right 
atrium.” The following year Jiménez Diaz and 
Sanchez Cuenca reported the first series of patients to 
undergo right atrial catheterization.” Cardiac output 
by the Fick method was validated over the following 
decade, initially sampling from the right atrium but 
quickly progressing to the pulmonary artery.” ™ 
Forssmann, Cournand and Richards shared the 1956 
Nobel prize in medicine and physiology. 

Pulmonary artery occlusion (without a balloon) was 
first reported in 1947 for oxygen measurement® and in 
1948 and 1949 for pressure measurement.”” In 1953, 
pulmonary artery occlusion with a balloon-tipped, 
flow-directed catheter was pioneered in dogs.” 

In 1964, Bradley described the use of the PAC at 
the bedside” and 4 yr later Branthwaite validated 
thermodilution cardiac output measurement in 





(Br. J. Anaesth. 1998; 81: 945-956). 
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humans.” Seventeen years after its first description 
in dogs, Swan and colleagues described pulmonary 
artery occlusion with a balloon-tipped, flow-directed 
catheter in humans.” 


Practical considerations 


INSERTION 


Usually the PAC is inserted into a central vein 
through a large (7.5—9 F) percutaneous sheath. The 
internal jugular vein is the preferred site of cannula- 
tion, with a low risk of pneumothorax. The incidence 
of carotid artery puncture is 1.5-2% and its inadver- 
tent cannulation is less than 1 in 1000. The subcla- 
vian route has a higher risk of pneumothorax and 
arterial puncture whereas the femoral vein may be a 
difficult site from which to float the catheter.” °? 

If difficulty in distinguishing venous from arterial 
puncture is anticipated, the vessel can be entered 
with a small cannula before percutaneous dilatation; 
a typical venous waveform after connection to a pres- 
sure transducer confirms venous cannulation. 

The PAC may be associated with serious compli- 
cations.” Arrhythmias, although frequent, usually 
resolve spontaneously.” However, between 1 and 3% 
require treatment.” ° Thrombosis and haemor- 
rhagic lesions along the path of the PAC have been 
found in as many as 53% and 78% of patients, 
respectively, dying with a PAC in situ.” 

Infections related to pulmonary artery catheteriza- 
tion are probably underestimated and have been 
thoroughly reviewed elsewhere.’” Infections are 
more common with internal jugular placement, if 
catheters remain in place for longer than 4 days and 
if they are re-inserted at an old site.” Colonization of 
the catheter, usually by organisms from the skin of 
the insertion site, has been reported in approximately 
22% of catheters on removal, the commonest organ- 
isms being Staphylococcus epidermidis and gram-nega- 
tive bacilli. In approximately 1% of catheterizations, 
catheter colonizations may lead to bloodstream 
infection, commonly with Staphylococcus epidermidis, 
Staphylococcus aureus and yeasts. Septic thrombosis 
(infection of a thrombus which develops near the 
catheter) can cause a serious generalized infection 
despite the absence of local inflammatory signs.” '” 
Infective endocarditis exclusively caused by PAC 
occurs infrequently, although autopsy studies report 
an incidence of 2-7%.'"'” 
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Figure 1 Representative traces during pulmonary artery catheterization and simultaneous real-trme ECG recording. 
~ Note the occlusion “a” wave, the true PAOP, 1s in synchrony with the ECG “p” wave. Note also the pressure oscillations 
caused by a positive pressure respiratory cycle. IPPV=Intermittent positive pressure ventilation. Modrfied with 


permission from Wiedemann, Matthay and Matthay.'“ 


Distal catheter migration occurs in up to 1% of 
insertions and may cause pulmonary infarction,” 
often presenting clinically as pulmonary embolism. 
Distal migration should be suspected if there is a 
continuous wedge trace with the balloon deflated or 
if minimal balloon inflation produces a wedge trace. 
A sudden increase in transduced pressure on balloon 
inflation suggests catheter abuttal against the pul- 
monary artery wall. 

Pulmonary artery rupture is more common in 
patients more than 60 yr of age, those receiving 
anticoagulant therapy or those with pulmonary 
hypertension.” It is caused mostly by balloon over- 
inflation.” Less frequently it can be caused by erosion 
of the balloon tip into the arterial wall. 

Massive haemorrhage from pulmonary artery rup- 
ture has a reported incidence of 0.031-0.25% with a 
mortality of 25-83%." ” ** Management by reversal 
of anticoagulation and high levels of PEEP has been 
successful occasionally,” but other therapies have 
often been used. These include selective endo- 
bronchial intubation with differential ventilation and 
transcatheter embolization.” “* Two reports suggest 
an apparent benefit from early surgical repair, which 
may require formal pulmonary resection.” 7 


CONFIRMATION OF PLACEMENT 


Correct placement of a PAC is accompanied by char- 
acteristic pressure wave changes leading to the atrial 
type waveform of pulmonary artery occlusion™ 
(fig. 1). When properly wedged, the different 
pressures follow the relationship: 


PADP>PAOP 


where PADP and PAOP=pulmonary artery diastolic 
and occlusion pressure, respectively. 

An important exception is severe mitral valve dis- 
ease in which PAOP can be greater than PADP but 
remains less than MPAP. 

Correct placement may also be confirmed by aspi- 
ration of “arterialized” blood from the catheter in the 
wedged position, as its oxygen tension (Pw,,) should 
be similar to Pa, However, if the catheter has floated 
into an area of low ventilation—perfusion match, this 
may not occur.” 


Pressures in the pulmonary circulation 


The physical characteristics required of systems 
designed to measure biological pressures have 


been reviewed extensively by Gardner and 
Hollingsworth.” 

Inflation of the balloon isolates a pulmonary vascu- 
lar segment, and flow in that segment ceases fig. 2). 
As there are few precapillary anastomoses” ” the 
occluded segment is also isolated from flow in nearby 
non-occluded units. Therefore, downstream pressure 
in this occluded segment, pulmonary artery occlu- 
sion pressure (PAOP), equilibrates with pulmonary 
venous pressure (PVP). The balloon inflation tech- 
nique does not measure the true pulmonary capillary 
pressure. In fact “pulmonary capillary wedge 
pressure” is a misleading hybrid term with no physio- 
logical correlate.” ' The pulmonary capillaries are 
not wedged and the pressure recorded when the 
pulmonary artery is occluded is not that of the capil- 
laries. 


INTERPRETATION OF PAOP 


At end-diastole, flow between the pulmonary valve 
and the mitral valve (which is still open) is minimal. 
End-diastole can be identified because the “a” wave 
on the wedge trace coincides with the “p” on the 
ECG (see fig. 1)"; sometimes one or both may be 
difficult to detect or non-existent, as in atrial fibrilla- 
tion. Effectively there is a continuous column of 
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Figure 2 Diagrammatic representation of occlusion of a 
pulmonary arteriole by a balloon-tipped PAC. Note the absence of 
precapillary anastomoses, which explains why the pressure of the 
column of static blood (shaded area) equilibrates with 
downstream venous pressure. Modified from Weed” with ` 
permission. 
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Table 1 Discrepancies between PAOP and true preload (see text for detailed explanation) 





Measurement discrepancy (boldface) Reason 





PAEDP>PAOP>PVP>LAP=LVEDP & LVEDV 
PAEDP<“PAOP”>PVP=¥LAP=LVEDP a LVEDV 


Tachycardia/increased PVR 
West zones 1: P,>P.>P, 
West zones 2: P >P,>P, 


Comment 





End-diastolic pressure gradient PA — LA 
catheter senses alveolar pressure, so true 
PAOP not measured 


PAEDP=PAOP=PVP#¥LAP4LVEDP a LVEDV Mitral stenosis, LAP>LVEDP; large ‘a’ wave 
mitral regurgitation LAP>LVEDP; large ‘v’ wave 
PAEDP=PAOP=PVP=LAP4LVEDP a LVEDV Aortic regurgitation LAP<LVEDV 
PAEDP=PAOP=PVP=LAP*4LVEDP a LVEDV LV dysfunction LAP<LVEDP 
PAEDP=PAOP=PVP=LAP=sLVEDP + LVEDV Low LV compliance LVEDP indicates a greater LVEDP 
High LV comphance LVEDP indicates a smaller LVEDV 





blood from the pulmonary artery to the left ventricle 
and all the pressures between these points (PAEDP, 
PVP, LAP and cavitary LVEDP) tend to equili- 
brate.” '” Consequently, end-diastolic PAOP approx- 
imates LVEDP. In addition, it has been suggested 
that PAOP should be measured at end-expiration’” 
when the effect of intrathoracic pressure is mini- 
mized. Discontinuation of IPPV to measure PAOP 
can introduce error caused by the variable relation- 
ship between PAOP and ventilation.” 

The force of ventricular contraction is related to 
fibre length at end-diastole, which is determined b 
left ventricular end-diastolic volume (LVEDV). 
For a given ventricular compliance, LVEDP is 
directly proportional to LVEDV’™ so LVEDP and 
PAOP are indicative of left ventricular preload. It is 
crucial to understand that the PAC as an index of left 
ventricular preload depends on this LVEDP-LVEDV 
relationship remaining intact. 

The assumption that PA occlusion always gener- 
ates an uninterrupted column of blood is not always 
true and may lead to measurement errors. Table 1 
summarizes the clinical circumstances, described 
below, in which PAEDP, PAOP and LVEDP cannot 
be assumed to be equal. 


PAEDP different from LVEDP 


Occasionally when it is difficult to obtain PA occlu- 
sion pressure, pulmonary artery diastolic pressure is 
used instead. When diastole is short (heart rate >115 
beat min”) or there is impairment to flow, such as in 
pulmonary hypertension, flow may not cease and 
pressures between the pulmonary artery and left 
atrium do not equilibrate. Consequently, PAEDP 
remains greater than LAP“” with PAOP somewhere 
between the two.” 


PAOP different from PVP 


When the catheter tip is in a West zone 1 or 2," high 
alveolar pressure may interrupt the channel of blood 
between the pulmonary artery and left atrium. In 
these situations the catheter sensor reflects alveolar 
and not vascular pressure. The erroneous “PAOP” is 
higher than PADP or may have a marked inspiratory 
swing.” In patients with high airway pressures or 
hypovolaemia, or both, West zones 1 and 2 occupy a 
proportionately greater volume of lung.’ In these 
situations the PAC is more likely, relative to normal 
conditions, to float into zones 1 and 2 or to become 
lodged in areas which convert to zones 1 and 2, for 
example after patient positioning. 

The effect of PEEP on PAOP depends on compli- 


ance of the lung.” Compliant lungs transmit a 
greater proportion of the applied pressure to the 
microvasculature than non-compliant lungs. As an 
approximation, PAOP should increase by no more 
than half of the PEEP increment." Greater 
increases suggest catheter tip placement in West zone 
1 or 2. 


LAP different from LVEDP 


In mitral valve disease the increase in left atrial pres- 
sure (LAP), reflected in PAOP, overestimates 
LVEDP. In mitral stenosis the PAOP trace has a 
characteristic large “a” wave. In mitral regurgitation 
the “v” wave is large. Other causes of large v wave 
include any mechanism that increases pulmonary 
venous flow such as left to right shunt.” '” 

Conversely, in left ventricular dysfunction, LAP 
underestimates LVEDP because left atrial ejection 
into a stiff ventricle causes a greater increase in the 
latter’s pressure.'*”’” In aortic regurgitation LAP is 
also less than LVEDP.” 


Altered LVEDP/LVEDYV relationship (left ventricular 
compliance) 


Myocardial ischaemia, pericardial disease, aortic 
stenosis, shock and other causes of increased left 
ventricular stiffness lead to a greater LVEDP for a 
given ventricular filling volume.” * The reduction in 
compliance is reflected in an increased PAOP which 
overestimates true preload. 

Conversely, dilated cardiomyopathies are associ- 
ated with increased ventricular compliance and 
PAOP may underestimate ventricular filling.’” 
Ventricular compliance also varies in response to 
afterload changes and inotropes.’ 


PULMONARY CAPILLARY PRESSURE 


Pulmonary capillary pressure (P) is an important 
determinant of transvascular filtration.” '’ Although 
P, can be measured by direct micropuncture’ or by 
the isogravimetric technique in isolated perfused 
lungs” there is no practical method in vivo. 

In health, P, is usually 5-10 mm Hg and can be 
estimated from PAOP using the following relation- 
ship: 


P=PAOP+0.4 (MPAP-PAOP).”” 


The value 0.4 was obtained from dog experiments 
in which the resistance from pulmonary capillary to 
vein accounted for 44% of the total pulmonary 
vascular resistance whereas the resistance between 
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Figure3 Estmation of pulmonary capillary pressure (P.) from inspection of the pulmonary artery pressure (PAP) trace 
immediately after balloon occlusion. a: Theoretical pressure decay curve, with P, marking the inflection point between 
the two limbs of the curve; reproduced with permission from Holloway and colleagues.” B: Actual bi-exponential 
pressure drop. Note P, is significantly greater than PAOP but not “halfway” between mean PAP and PAOP, ulustrating 
the uneven distribution of pulmonary vascular resistance. Reproduced from Levy’ with permission. 


pulmonary artery and capillary accounted for 56% of 
the total PVR. This is why P,is normally closer to 
PAOP than to MPAP.” 

However, patients with sepsis or acute lung injury 
may have a normal PAOP but high P, with the linear 
relationship between the two being lost.” ” In these 
conditions, pulmonary oedema, which is tradition- 
ally attributed to abnormal capillary permeability, 
may have an important hydrostatic component, 
shown by an increased P.. This implies that therapy 
monitored by PAOP may not always be successful. 

In these circumstances it might be useful to esti- 
mate P. by analysis of the curve resulting from pul- 
monary artery balloon occlusion (fig. 3) which shows 
biexponential decay. The initial rapid pressure 
decrease towards P, is caused by the sudden absence 
of upstream pressure. The slower pressure decrease 
from P, towards PVP is the result of the discharge of 
blood from the capillary capacitance vessels into the 
pulmonary venules. The inflection point is taken to 
be P.. 

This estimated P, has been validated against a wide 
range of predicted PCP values based on the isogravi- 
metric technique.” The latter has itself been vali- 
dated against direct occlusion measurements in 
isolated lungs’” and is known to correlate well with 
direct micropuncture measurements.” 

Further, for a given patient, the position of this 
inflection point (P) on the decay curve illustrates the 
relationship between pulmonary arterial and venous 
resistances and helps determine the location of the 
increased PVR. The higher the P, on the curve, the 
less arterial resistance contributes to PVR. Recent 
studies suggest that alveolar hypoxia tends to 
increase pulmonary vascular resistance predomi- 
nantly upstream of the capillaries (Ra), whereas sep- 
sis, pulmonary hypertension” and acute lung injury 
usually cause an increase in- pulmonary resistance 
downstream of the capillaries (Ry), 97 

However, there is concern that these small nuances 
can be overwhelmed by the magnitude of errors in 


measuring PAOP.” These and other issues in pul 
monary capillary pressure are reviewed elsewhere.” 


Thermodilution cardiac output 


Measurement of cardiac output using the PAC is 
based on injection of a tracer into the right atrium 
and analysis of the change of its concentration over 
time in the pulmonary artery.” It is assumed that 
the mass (M) of the substance injected remains con- 
stant and therefore equals the product of the mean 
tracer concentration (measured in the PA) and its 
volume of distribution. It can be shown that M is 
equal to the product of flow and the integral of con- 
centration over time,” ”'® expressed by the equation: 


M=QxJ CH dt 


where O=flow and represents right ventricular car- 
diac output. 

Currently the preferred method is to inject a cold 
solution and then monitor pulmonary artery blood 
temperature. The equation above can be expressed 
with reference to temperature as: 


V (T-T) K, K=Ox!Temp dt 
and 
Q=V.(T,-T) K, K, /fTemp dt 


where V, and T=volume and temperature of injec- 
tate, respectively, T,=blood temperature, Temp= 
difference between the initial temperature and the 
new temperature in the pulmonary artery; K, unifies 
units and relates the specific heat and gravity of injec- 
tate to blood and K, relates the injectate and dead- 
space volumes. 

Despite empirical correction factors and rapid 
injection of tracer fluid, heat transfer to right atrial 
blood, catheter wall and surrounding tissues ma 
lead to overestimation of cardiac output.” * 
Baseline fluctuations in pulmonary artery tempera- 
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ture,” abnormal haematocrit values and intracar- 


diac shunts are other potential sources of error.” 

For convenience there has been a trend to use 
room temperature injectate in everyday practice. The 
signal-to-noise ratio obtained with 10 ml of injectate 
at room temperature is adequate for most circum- 
stances with cardiac indices of 2.64.2 litre min” 

-2 98 137179 

The effect of IPPV on cardiac output measure- 
ment throughout the respiratory cycle is complex. 
Predictably, during IPPV cardiac output measure- 
ments are highest at end-expiration. Positive end 
expiratory pressure (PEEP) decreases preload and 
mean cardiac output, particularly in hypovolaemic 
patients” ’” '™® although some have found that the 
response to PEEP, particularly in ischaemic heart 
disease, is more heterogenous.” 

For these reasons variations of up to 25% can 
occur between single measurements and it is custom- 
ary to average three measurements taken randomly 
throughout the respiratory cycle’ and to be guided by 
trends rather than absolute values. 


Continuous cardiac output and mixed venous 
oxygen saturation 


More recent PAC developments have enabled near 
continuous thermodilution calculation of cardiac 
output (CCO).” A heating filament is attached to a 
pulmonary artery catheter such that it comes to lie in 
the right ventricle. Pulses of heat produced by the fil- 
ament are detected by the thermistor sited in the dis- 
tal tip of the PAC. Changes in distal pulmonary 
artery temperature produce a thermodilution-like 
washout. Measurements are updated every 30 s and 
averaged over several minutes. 

CCO appears as accurate and reproducible as 
intermittent thermodilution calculations over a large 
number of diverse patients.” ™ Although it is clearly 
not truly continuous CCO is potentially better than 
intermittent measurements, typically several hours 
ap art.’ 

CCO has the advantage of eliminating the poten- 
tial errors associated with variations in volume and 
speed of tracer injection. Nevertheless, rapid fluid 
infusions may change PA blood temperature and 
affect its accuracy." ™ 

Pulmonary artery catheters capable of measuring 
continuous Sv, by fibreoptic oximetry have been 
available since the early 1970s.’ "° Based on the 
Fick principle it follows that cardiac output, oxygen 
consumption and arteriovenous oxygen difference 
are related such that when oxygen consumption is 
constant, changes in mixed venous oxygen content 
(and S7.) are directly proportional to cardiac out- 


Normally there is good correlation between car- 
diac output and SẸ, although if oxygen consump- 
tion fluctuates a decrease in SV, may be caused by 
a decrease in cardiac output or by an increase in 
oxygen extraction.” Nevertheless, SẸ, reflects the 
overall balance between oxygen supply and con- 
sumption.” Other potential problems include mea- 
surement errors caused by methaemoglobinaemia, 
carboxyhaemoglobinaemia and non-linearity of the 
haemoglobin oxygen dissociation curve.‘ ™™ 

Some of the interpretation difficulties outlined 


above may be overcome when simultaneous SV, , 

. : : : o1 
arterial saturation and cardiac output readings are 
combined. If cardiac output is unchanged, arterial 
desaturation with a widening gap between S a, and 
S V,, suggests an increased extraction ratio (fig. 4a). If 
Sa, remains relatively unchanged, a decrease in S7, 
normally represents an increase in oxygen extraction 
to compensate for the reduced oxygen delivery asso- 
ciated with a low cardiac output (fig. 48). 


Right ventricular ejection fraction (RVEF) 


RVEF can be determined from the thermodilution 
curve by analysis of successive diastolic plateaus 
using a PAC equipped with a rapid response thermis- 
tor. More recently, techniques based on computer 
algorithms” and systolic time intervals” have been 
introduced. 

In order to avoid inaccuracies in estumating RVEF 
it is important to position the PAC carefully. Ideally, 
the injection port should be in the right atrium as 
near as possible to the tricuspid valve; the thermistor 
should be in the pulmonary artery just distal to the 
pulmonary valve.“ When heart rate is erratic or very 
fast, RVEF is technically difficult to obtain. Also, 
RVEF is too dependent on right ventricular afterload 
to be a good indicator of right ventricular contractil- 
ity.” However, it can be used to calculate right ven- 
tricular end-diastolic volume CRVEDV) and other 
right ventricular derived variables from the formula: 
RVEDV=SV/RVEF. 

It has been suggested that RVEDV is a more accu- 
rate indicator of preload and correlates better with 
cardiac output and right and left ventricular work 
indices than RAP or PAOP.“ ™®°™ This is understand- 
able when one considers the complex interactions 
between positive pressure ventilation, PEEP, vasoac- 
tive agents, ventricular compliance and venous tone, 


Saturations diverge and cardiac output 
does not change 


100%| A Sao, 


—_______ \__ Increased oxygen extraction 
Sv, me 


O2 





Time 


Saturations diverge but Sag, does not change 








100%| B Sao, 
Reduced oxygen delivery 
= (reduced cardiac output) 
SVo, 
Time 


Figure 4 Simultaneous recordings of mixed venous (S Vo.) and 
arterial (Sa, ) saturations in two common situations of changing 
tissue oxigenation. a: Cardiac output is unchanged and tssue 
oxygenation worsens because of increased oxygen extraction B: 
Arterial oxygenation remains constant, but a decrease in cardiac 
output causes a decrease ın oxygen delivery. 
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all of which can increase PAOP while decreasing 
actual ventricular volume. However, as the net effect 
of such factors on overall cardiac output can be mon- 
itored directly, it can be argued that calculation of 
RVEDV, despite being more accurate, contributes little 
additional information. Further, the mathematical 
relationship between RVEDV and SV increases the 
possibility of artefactual coupling as a possible cause 
of the correlation between the two.” 

The case for measurement of RVEDV is stronger 
in sepsis,” * pulmonary hypertension™ ™ and 
ARDS” '* where right ventricular function is a 
major determinant of cardiac output.” In addition, 
high PEEP levels are normally necessary in the man- 
agement of these conditions and this makes preload 
assessment by pressure (PAOP) measurements less 
reliable.” 


Pulmonary artery catheterization in practice 


Between 1989 and 1994, a prospective observational 
study was conducted involving 5735 patients treated 
in 15 intensive care units in five teaching centres in 
the US.” This work was an extension of previous 
studies restricted to patients with myocardial infarc- 
tion“ '” because it included, in addition, patients 
with congestive heart failure, chronic obstructive 
pulmonary disease, acute respiratory failure, sepsis, 
multi-organ failure and four other disease categories. 
‘Treatment selection bias was adjusted by case match- 
ing, multivariate analysis and a propensity score, 
itself a source of controversy. "S 

It reported a significantly increased risk of death at 
30 days in patients managed with a PAC, as follows: 
odds ratio (OR) of 1.24 in 1008 pairs of patients case 
matched to adjust for treatment bias, and OR of 1.21 
in the total patient group of 5735 after multivariate 
analysis to adjust for treatment bias. In addition, the 
PAC group had longer length of stay in the ICU and 
increased direct hospital costs.” 

The result of the study by Connors and col- 
leagues” raised concern that pulmonary artery 
catheterization might be partly responsible for an 
increased mortality, either directly or by leading to 
potentially harmful treatment.” A recent task force 
analysed the evidence from clinical studies involving 
PAC-guided management in a variety of clinical 
groups.” In many patient groups the evidence was 
either weak or inconclusive. 

Given such controversy, the impact of the PAC on 
patient outcome might be judged from clinical stud- 
ies of PAC derived management changes. However, 
few such studies, mostly limited to perioperative 
care, include patients managed without PAC-derived 
information.” * ” ' This is largely because of the 
ethics of depriving patients of an instrument previ- 
ously considered as beneficial. The setting appears to 
be set for large randomized, controlled studies on the 
issue of PAC-guided management” ” ”™ or, at the 
very least, a re-evaluation of its use. 

In critical care and anaesthesia there have been 
principally three indications for pulmonary artery 
catheterization: diagnosis, guidance of fluid and 
vasoactive drug administration, and close observa- 
tion of cardiopulmonary interactions. In practice this 
includes four areas which are discussed below. 
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ASSESSMENT OF INTRAVASCULAR VOLUME, ADEQUACY OF 
CARDIAC OUTPUT AND OXYGEN TRANSPORT 


For many years right heart catheterization with the 
PAC has been standard in assessing left ventricular 
preload and therefore intravascular volume status.” 
However, PAOP does not always correlate with left 
ventricular preload, particularly in non-compliant 
hearts,” left ventricular dysfunction, ” myocardial 
ischaemia,” '” valvular heart disease or patients 
receiving vasoactive therapy,’ all traditional indica- 
tions for insertion of a PAC. Nevertheless, subse- 
quent studies revealed inaccurate “bedside” 
estimation of haemodynamic variables compared 
with PAC readings.” “ This is perhaps inevitable if 
the PAC is used as the gold standard; the reverse 
would likely be true were clinical signs taken as the 
gold standard. These observed inaccuracies were 
used to support PAC catheterization. But there 
seems to be poor understanding and incorrect inter- 
pretation of PAC-derived data.” 

But even when the PAC data are interpreted cor- 
rectly and indicate true preload, we do not know if 
given values are adequate or what is the individual 
optimum preload. For example, most clinicians 
would find that a cardiac index of 3 litre min” m” is 
more than expected, immediately after heart surgery, 
too little for a 20-yr-old trauma victim and possibly 
adequate for an 80-yr-old with sepsis. Other tech- 
nologies'™ ’ are becoming popular but again do 
not indicate if the cardiac output achieved is effec- 
tive. 

The PAC is also used to calculate systemic and 
pulmonary haemodynamic data (table 2) and oxygen 
transport values (table 3). The physiological response 
to trauma, anaesthesia and major surgery has long 
been the subject of interest.“ ” ”'**’ Oxygen 
transport studies in high-risk surgical patients found 

higher levels of cardiac index (CI), oxygen delivery 
index [Do] and oxygen consumption index (VD 
among survivors than in non-survivors. Low oxygen 
transport indices were proposed as a cause of tissue 
hypoxia and death. 

Shoemaker and colleagues suggested that the 
median values among survivors be used as therapeu- 
tic goals." *** Numerous studies used the PAC to 
guide augmentation of oxygen transport, with the 
aim of treating underlying tissue hypoxia. 

In prospective studies to test this hypothesis 
patients treated to achieve target values in CI, [DoT] 
and V, had much higher survival rates. 156157 THis was 
further supported i in patients undergoing peripheral 
limb surgery’ and in a prospective randomized study 
of high-risk surgical patients. In septic shock, simi- 
lar therapy was also associated with improved out- 
come compared with historical controls“ or with 
subgroups created retrospectively.’ 

However, these encouraging results were not repli- 
cated when predominantly septic patients were ran- 
domized after entry to an ICU. Hayes and colleagues 
found that patients receiving aggressive management 


- with fluids and, when necessary, inotropes to achieve 


target haemodynamic goals had higher mortality 
than controls treated to reach acceptable baseline 
haemodynamic values.” Further, in a much larger 
study, when supranormal cardiac output was the sole 
goal, patients did no better than those who remained 
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Table2 Measured haemodynamic variables 








Variable Normal range (units) 
Central venous pressure (CVP) 0-8 mm Hg 
Right ventricular systolic 

pressure (RVSP) 15-30 mm Hg 
Right ventricular end-diastolic ‘ 

pressure (RVEDP) 0-8 mm Hg 
Pulmonary artery (systolic) 

pressure (PAP) 15-30 mm Hg 
Pulmonary artery diastolic 

pressure (PADP) 4-12 mm Hg 
Pulmonary artery occlusion 

pressure (PAOP) 2-12 mm Hg 
Cardiac output (Q) Varies with size, age and sex 
Mixed venous oxygen 

saturation (S¥,,) 75% 


as controls or who were treated to achieve a 
“normal” S¥, .” 

Unfortunately, even the most rigorous studies have 
neither separated supportive from definitive treat- 
ment (correct antibiotics, timely surgery, etc.) nor 
established that the latter was balanced between 
study groups. Overall, those patients with sufficient 
cardiorespiratory reserve to increase their oxygen 
delivery’®’™ and utilization” “ appear to have a better 
chance of survival. Those with less cardiorespiratory 
reserve treated to achieve supranormal targets have, 
at best, no better outcome than similar patients man- 
aged within their physiological limitations.” There is 
no convincing evidence that attemping to increase 
cardiac index indiscriminantly across a wide cross 
section of critically ill patients improves outcome® ” 
and, some evidence indicates it may increase mortal- 
ity. 

The emphasis in cardiovascular resuscitation has 
shifted away from “routinely” attempting to obtain 
goals for which the PAC is a prerequisite, to manage- 
ment adjusted to individual cardiac performance. 
This might be acomplished by determining if cardiac 
output is effective, initially predominantly by clinical 
assessment, and later complemented by pulmonary 
artery catheterization. An effective cardiac output 
(ECO) could be defined as that which achieves nor- 
mal premorbid arterial pressure with warm periph- 


eries at a heart rate of less than 100 beat min”, irre- 
spective of supportive therapy. The effectiveness of 
peripheral perfusion can later be assessed by bio- 
chemical] analyses such as acid-base balance, gastric 
intra-mucosal acid estimation and blood lactate con- 
centration. However, it is important to consider that 
these biochemical markers can be deranged for rea- 
sons other than haemodynamics (i.e. hepatic or renal 
failure, or both). 


MYOCARDIAL DYSFUNCTION 


Patients with acute MI complicated by congestive 
cardiac failure or hypotension in whom treatment 
was guided by a PAC had a higher mortality rate than 
those managed without it, even after multivariate 
analysis to adjust for disease severity.” ° These stud- 
jes were retrospective and were unable to exclude 
that sicker patients received PAC, but the direct mor- 
tality associated with PAC was a possibility. As a 
result, reassessment of the PAC was advocated.” '” 

When the PAC has been used to guide manage- 
ment in elective coronary artery bypass grafting’” 
and abdominal aneurysm surgery” there has also 
been no difference in serious end-organ complica- 
tions or mortality. Furthermore, placement of a PAC 
electively or after haemodynamic deterioration did 
not appear to affect outcome, suggesting that con- 
ventional indicators of the need for PAC may be 
unreliable.” 

Perioperative myocardial ischaemia is an impor- 
tant cause of postoperative cardiac morbidity and 
mortality.” ‘* Despite conflicting accounts of the 
role of the PAC in the detection of myocardial 
ischaemia” * '™ it is useful in detecting haemody- 
namic events, such as decrease in cardiac output, 
stroke work or mixed venous oxygenation or an 
increase in PAOP, which normally are associated 
with myocardial ischaemia. Earlier work indicated 
that when used as part of a management strategy 
designed to avoid adverse haemodynamic fluctua- 
tions, the PAC helped to reduce perioperative cardiac 
events.'* There is, however, no definitive evidence 
favouring the use of PAC in patients at risk of peri- 
operative cardiac dysfunction undergoing major 
surge ry.” 


Table 3 Derived haemodynamic variables. DAP=Diastolic arterial pressure; SAP=systolic arterial pressure; Hb=haemoglobin; P¥,,=mixed 


venous oxygen tension 








Variable Calculation Normal range 

Body surface area (BSA) Weight (kg)° xheight (cm) ™x0 007184 

Mean arterial pressure (MAP) DAP + 1/3x(SAP-DAP) 70-105 mm Hg 
Cardiac mdex (CI) O/BSA 2.8-4.2 litre min” m? 
Stroke volume (SV) QHR 80 ml 

Stroke index (SI) SV/BSA 30-65 ml m” 

Left ventricular stroke work index LVSWD CIx(MAP-PAOP)x0.0136 44-64 gm’ m° 


Systemic vascular resistance (SVR) 

Systemuc vascular resistance index (SVR) 
Mean pulmonary artery pressure (MPAP) 
Right ventricular stroke work index (RVSWD) 
Pulmonary vascular resistance (PVR) 
Pulmonary vascular resistance index (PVR]) 


(MAP-CVP)x80/Q 

(MAP-CVP)x80/CI; (nb SVRI=SVRxBSA) 
MPAP+1/3x(PAP-PADP) i 
CIX(MPAP-CVP)x0.0136 
(MPAP-PAOP)x80/Q 

(MPAP-PAOP)x80/CI; (nb PVRI=PVRxBSA) 


1000-1200 dyn s cm” m° 
1600-2400 dyn s cm” m° 
9-16 mm Hg 

7-12 gm`° m” 

60-120 dyn s cm” m” 
250-340 dyn 8 cm” m? 


Arterial oxygen content (Cag) Sa,.xHbx1.39+Pa,, (mm Hg)x0.003 180 ml htre™ 

Mixed venous oxygen content (C¥, ) S¥,,XHbx1.39+Pv,, (mm Hg)x0.003 130 ml litre” 

Oxygen delivery (Do,) Cay, 850-1050 ml min” 
Oxygen consumption (Yo,) x(Cag,—Cv,,) 180-300 ml min` 
Oxygen delivery index (Do, D) Do,/BSA 520-650 ml min m” 
Oxygen consumption index (Vo, I) Vo BSA 110-180 ml mn” m° 





952 


ACUTE LUNG INJURY 


Acute lung injury (ALD and its most severe form 
ARDS’ are characterized by refractory hypoxaemia, 
widespread alveolar infiltrates on chest x-ray and 
respiratory distress not caused by but which may 
coexist with increased left atrial pressure.’ The 
destruction of the alveolo-capillary membrane, 
inflammatory alveolar exudate” and subsequent 
fibrotic response” lead to alveolar oedema, reduced 
lung compliance, increased venous admixture and 
hypoxaemia.” Pulmonary vasoconstriction can 
worsen ventilation—perfusion mismatch and cause 
pulmonary hypertension with increased right ven- 
tricular work. 

In ALI high capillary permeability and increased 
capillary pressures coexist.” “There is currently no 
treatment that can reverse the former.” Therefore, it 
might be more important to reduce pulmonary capil- 
lary hydrostatic pressure, in an attempt to minimize 
alveolar oedema, ™ ° and to decrease pulmonary 
vascular resistance in order to reduce pulmonary 
hypertension. 

There is no conclusive evidence that pulmonary 
artery catheterization affects outcome in ARDS. 
However, especially when high levels of PEEP 
are used, it might be justifiable to use PAC in the 
diagnosis of ARDS and to measure the variables 
to be manipulated; these include PAOP and the 
pulmonary vascular and right ventricular haemody- 
namic indices. 


Reduction of alveolar oedema 


As the early manifestations of ARDS include alveolar 
and interstitial fluid accumulation, therapy leading to 
removal of alveolar fluid may improve gas exchange. 
Indeed numerous studies suggest that fluid restric- 
tion may be beneficial.” In retrospective analyses a 
favourable fluid balance” and a reduction in PAOP™ 
were associated with less ventilator, ICU and hospital 
days. When the guide to fluid reduction was extra- 
vascular lung water (EVLW) (measured by double 
indicator dilution'® ^, there was a reduction in ICU 
and hospital stay'* and, after retrospective subdivi- 
sions, mortality.” However, these studies may be 
taken as markers of less severe illness, in as much as 
they reflect ability to withstand fluid elimination 
without detriment. 

Nevertheless, there is widespread agreement that 
in some patients excessive fluid reduction may 
worsen cardiovascular performance and compromise 
organ perfusion.” '” *? In practice the ability to 
remove enough fluid to improve oxygenation 
depends on whether this can be done without life 
threatening hypoperfusion, particularly if the under- 
lying sepsis remains uncontrolled. Furthermore, as 
the relationship between PAOP, P, alveolar fluid and 
oxygenation is complex” ”’”’® the impact of lower- 
ing PAOP on alveolar fluid is unpredictable. On 
balance it seems appropriate to reduce PAOP in the 
early exudative phase of ARDS cautiously to a level 
which does not compromise cardiovascular function 
or organ perfusion. The possible benefit of cautious 
fluid restriction and diuresis for more than 3 or 4 
days remains to be determined.” 
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Selective pulmonary vasodilatation 


Patients with severe ARDS and acute lung injury 
may develop pulmonary hypertension (PHT) with 
significant right ventricular dysfunction” ™ and loss 
of hypoxic pulmonary vasoconstriction.” Traditional 
i.v. vasodilators used to control pulmonary hyperten- 
sion can lead to worsening intrapulmonary shunt, 
systemic hypotension and impaired oxygenation. 

In the past few years inhaled nitric oxide has been 
used as an alternative pulmonary vasodilator. Nitric 
oxide is an endogenous gas“ with potent vascular 
smooth muscle relaxant properties." It _preferen- 
tially vasodilates ventilated lung segments” “7 and 
can improve ventilation—perfusion matching and 
reduce pulmonary arterial pressure with little sys- 
temic hypotension.’ * %°'*'“? Nitric oxide also 
reduces right ventricular afterload” and pulmonary 
hypertension attributable in part to permissive 
hypercapnia.” 

The results of the first randomized, controlled 
phase II trial of placebo vs nitric oxide at various 
doses have become available.“ Although nitric oxide 
was well tolerated, it did not improve mortality. 
However, a relatively large proportion (60%) of 
patients receiving nitric oxide responded with an 
increase in oxygenation in the first 4 h, but this was 
small and not long lasting. There was a decrease in 
mean PAP which was also small (approximately 2 
mm Hg) and short-lived. 


PULMONARY HYPERTENSION 
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PHT caused by chronic obstructive lung disease, 
left heart disease and thromboembolic disease’”® is 
commonly encountered in the intensive care patient. 
Many general treatments of these conditions and 
more specific treatments of PHT (discussed above) 
affect right and left heart performance. Therefore, 
the PAC becomes useful to monitor pulmonary 
artery pressure, and ventricular and systemic haemo- 
dynamic responses to therapy. 


Conclusion 


Pulmonary artery catheterization is over half a cen- 
tury old. It is a valuable educational tool and facili- 
tates quantification of the clinical assessment of 
cardiorespiratory performance. However, the PAC 
has also taken the clinician away from patients and 
encouraged decisions based on numerical targets, 
thus detracting from the concept of individualized 
supportive therapy. 

The PAC still has a significant role in patient man- 
agement, primarily as a method for diagnosis and 
monitoring haemodynamic responses to therapy. In 
common with every other instrument, it has draw- 
backs. Its insertion delays immediate therapy, intro- 
duces infection and may precipitate iatrogenic 
events. If it allows us to adjust clinical assessment 
and supportive therapy it will have achieved its goal. 
On the other hand, if it promotes hands off haemo- 
dynamic management it will be criticized unfairly 
and may be superseded by other technologies which 
could go through the same cycle. 
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Cerebrospinal fluid concentrations of propofol during anaesthesia in 


humans 


O. ENGDAHL, M. ABRAHAMS, A. BJORNSSON, M. VEGFoORS, B. NORLANDER, 


J. AHLNER AND C. ENTREI 


Summary 

The concentration of propofol in and surrounding 
the human brain during propofol anaesthesia is 
unknown. We measured simultaneously the con- 
centration of propofol in cerebrospinal fluid (CSF) 
from an indwelling intraventricular catheter and 
the concentration in arterial blood in five neuro- 
surgical patients before, during induction (at 2.5 
and 5 min) and during a maintenance propofol 
infusion (at 15 and 30 min). After induction of 
anaesthesia with propofol 2 mg kg”, anaesthesia 
was maintained with an infusion of 8 mg kg’ h” 
for 15 min and then reduced to 6 mg kg” h`. The 
plasma concentration of propofol increased 
rapidly during induction and reached a plateau 
concentration of mean 2.24 (sp 0.66) ug mI" after 
5 min. The concentration of propofol in CSF 
showed a slower increase during induction and 
remained almost constant at 35.5 (19.6) ng mI" at 
15-30 min after induction. The CSF concentration 
of propofol that we measured was 1.6% of the 
plasma concentration and consistent with the 
high protein binding of the drug in plasma. (Br. J. 
Anaesth. 1998; 81: 957-959) 


Keywords: anaesthetics i.v., propofol, cerebrospinal fluid. 





The invasive techniques required to study the distribu- 
tion of propofol in the brain have limited such studies 
to animal models. Hence, the concentration of propo- 
fol in and surrounding the cells of the human brain 
during clinical anaesthesia is unknown. Knowledge of 
this concentration is useful for delineating the molecu- 
lar and cellular mechanisms of propofol anaesthesia. 
Previous in vitro studies investigating the intracellular 
effects of propofol and its action on the GABA, recep- 
tor have used a wide range of propofol concentrations 
to mimic the effects of clinical anaesthesia. Further, a 
dose-dependent action of propofol on GABA, recep- 
tors of hypothalamic neurones have been observed, 
with low concentrations (0.1—100 pmol litre”) poten- 
tiating GABA, receptors and higher concentrations 
(1 pmol litre’—1 mmol litre) producing activation of 
GABA-evoked currents.’ 

Neurosurgical patients with an indwelling intraven- 
tricular catheter offer a unique setting in which to 
investigate the distribution of propofol in cere- 
brospinal fluid (CSF) during propofol anaesthesia. In 
this study we have measured the concentration of 
propofol in CSF during induction and a maintenance 
propofol infusion, and related this to plateau arterial 


blood concentrations measured simultaneously. 


Methods and results 


The study was approved by the Ethics Committee of 
Linköping University Hospital and patients or their rel- 
atives gave informed consent. We studied five neuro- 
surgical patients undergoing general anaesthesia who 
also had an indwelling intraventricular drain without 
any signs of active bleeding into the subarachnoid 
space. Three of the patients had suffered a subarach- 
noid haemorrhage, one a cerebellar haemorrhage 
and one had sustained major craniofacial trauma. 
The study group was comprised of four males and 
one female, with a mean age of 60.2 (range 26-77) 
yr. In three of the patients the trachea was already 
intubated before the start of the study and propofol 
anaesthesia was superimposed on ongoing sedation 
with midazolam for change of the tracheal tube. The 
two other patients were awake at the start of anaes- 
thesia and tracheal intubation was conducted in a 
standard fashion. Before induction of anaesthesia a 
radial artery catheter was inserted in all patients 
through which blood samples were collected and sys- 
temic arterial pressure monitored. 

After pretreatment with fentanyl 1 ug kg’, anaes- 
thesia was induced with propofol (Diprivan 1%) 
2 mg kg” i.v. over 2 min. Loss of the eyelash reflex 
was chosen as a pharmacodynamic end-point during 
induction. Anaesthesia was maintained with a con- 
tinuous infusion of propofol commenced 5 min after 
the start of induction at an initial infusion rate of 
8 mg kg’ h` and then reduced to 6 mg kg’ after 
15 min. Neuromuscular block was facilitated with 
pancuronium 0.1 mg kg’. Systemic hypotension was 
defined as a mean arterial pressure of <70 mm Hg 
and was treated with incremental doses of ephedrine. 
In all patients the lungs were ventilated to normocap- 
nia during the study to minimize the confounding 
effects of arterial carbon dioxide partial pressures on 
cerebral blood flow and intracranial pressure. The 
partial pressure of carbon dioxide in arterial blood 
was monitored indirectly using capnography and 
directly by serial blood-gas measurements. 


O. ENGDAHL, MD, PHD, M. ABRAHAMS, FFARCSI, A. BJORNSSON, MD, 
M. VEGFORS, MD, PHD, C. ENTREI, MD, PHD (Department of 
Anaesthesia and Intensive Care); B. NoRLANDER, BSC, J AHLNER, 
MD, PHD, (Department of Clinical Pharmacology), University 
Hospital, S-58 185 Linkoping, Sweden. Accepted for publication 
July 9, 1998. 

Correspondence to O.E. 


958 


The CSF samples were obtained from an indwelling 
Holter intraventricular catheter (Codman Medes SA) 
positioned in one of the frontal horns. The deadspace 
of the catheter and sampling system is 0.4 ml, and 
0.8 ml was withdrawn before the CSF samples proper 
were obtained. Arterial blood and cerebrospinal fluid 
samples (5 ml) were collected simultaneously before 
induction of anaesthesia, after the start of induction 
(at 2.5 and 5 min) and during continuous infusion (at 
15 and 30 min). The samples were collected and 
stored in glass containers at -70°C until the propofol 
assay was performed. Propofol concentrations in CSF 
and plasma were measured by high-performance liq- 
uid chromatography and fluorescence detection using 
minor modifications, as described previously.” 

Plasma and CSF concentrations of propofol at 2.5, 
5, 15 and 30 min are shown in figure 1. After a rapid 
increase in plasma concentrations of propofol, 
plateau concentrations in plasma were observed at 
5-30 min. The concentration of propofol in CSF 
increased slowly for 15 min after induction. At 15— 
30 min there was little variation in CSF propofol 
concentration. 

The time interval between 5 and 30 min represents 
the period during which we observed a plateau con- 
centration in plasma. Mean propofol concentration 
in plasma during this interval was 2.24 (sD 0.66, SEM 
0.29) ug mI” and that in CSF 35.5 (sp 19.6, sEM 8.9) 
ng mI’. The ratio of propofol in CSF to that in 
plasma during the plateau phase was 0.016 (1.6%). 


Comment 


We have demonstrated that the CSF concentration of 
propofol was 1.6% of the plateau plasma concentra- 
tion. Propofol has a short distribution half-life of 
2 min’ and it is likely that the plateau concentration 
in arterial blood we observed during the mainte- 
nance infusion represents a pseudo-steady-state. 
Under such conditions, propofol equilibrates 
between arterial blood and CSF, The 60-fold differ- 
ence in the concentration of propofol between CSF 
and plasma is consistent with the high plasma protein 
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Figure 1 Propofol concentrations in plasma and CSF over time 
(mean (SEM)). 
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binding of propofol (97-99%).’ Only the free or 
unbound fraction enters and equilibrates with CSF 
across the choroid plexus and its ability to penetrate 
the choroidal epithelia is a function of its lipophilicity 
and the degree of ionization at body pH.‘ 

Cerebral blood flow determines the rate at which a 
drug is delivered to the effect site or biophase and 
there is a general assumption that the rate of uptake 
into the CSF and brain of highly lipophilic drugs 
such as propofol is flow-limited. It is possible there- 
fore, that a reduction in cerebral perfusion pressure 
and cerebral blood flow induced by an anaesthetic 
agent may limit its own biophase distribution. We 
maintained systemic arterial pressures throughout 
the study in order to eliminate the effects of this phe- 
nomenon. Nevertheless, some of the patients can be 
expected to have had regional disturbances of cere- 
bral blood flow secondary to their intracranial 
pathology and this could explain, in part, the inter- 
patient variation in CSF concentrations of propofol. 
The rate of uptake of drugs into CSF is also influ- 
enced by the permeability of the blood—CSF barrier, 
and increased permeability characterizes many 
pathological conditions, including stroke, subarach- 
noid haemorrhage, seizures, trauma, ischaemia and 
systemic hypertension.” It seems difficult therefore, 
to explain the overall low concentrations of propofol 
in the CSF of our patients by virtue of blood flow 
disturbances or impaired transfer of propofol across 
the blood—CSF barrier. 

The normal rate of CSF production has been esti- 
mated to be 0.5 ml min’. During the study we 
sampled a greater volume of CSF than that produced 
and this may have affected the measured propofol 
concentrations. However, we observed relatively con- 
stant CSF concentrations in the face of a plateau 
blood concentration during the maintenance propo- 
fol infusion. CSF was sampled via an intraventricular 
catheter positioned in one of the frontal horns of the 
brain and thus represents the propofol concentration 
from the central parts of the CSF compartment. 
While pooling of ventricular CSF is known to occur, 
it is assumed that the CSF drains into the catheter 
rather than following the normal drainage or storage 
routes where resistance is increased in patients with 
subarachnoid haemorrhage. Similarly, subarachnoid 
haemorrhage is associated with a reduced CSF pro- 
duction rate,° which would not account for the CSF 
propofol concentrations we observed. 

In summary, the concentrations of propofol in 
CSF that we demonstrated were consistent with its 
physicochemical properties, and were considerably 
less than the concentrations previously assumed to 
surround the brain during propofol anaesthesia in 
humans. Our findings suggest that the generally 
accepted range of propofol concentrations acting 
on neurones and the GABA, receptor may not be 
relevant to the clinical setting. 
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Recovery after halothane anaesthesia induced with thiopental, 
propofol—alfentanil or halothane for day-case adenoidectomy in 


small children 


H. Virranen, P. ANNILA, M. Rorarrus, M. PALOHEIMO AND G. BAER 


Summary 

We studied recovery from halothane anaesthe- 
sia in 93 children, aged 1-3 yr, undergoing day- 
case adenoidectomy. Children were allocated 
randomly to receive thiopental 5 mg kg” (group 
TH), alfentanil 10 ug kg" and propofol 3 mg kg” 
(group PAH) or 5% halothane (group HH) for 
induction of anaesthesia. In group TH, tracheal 
intubation was facilitated with succinylcholine 
(suxamethonium) 1.5 mg kg”. In groups PAH 
and HH, tracheal intubation was performed with- 
out neuromuscular block, and succinylcholine 
was used only if required. Anaesthesia was 
maintained with 1-3% halothane during sponta- 
neous respiration. Times to achieving predeter- 
mined recovery end-points were recorded. 
Quality of recovery was assessed using a score 
of 1-9 (best to worst) for sedation, crying, rest- 
lessness and agitation. A postoperative ques- 
tionnaire was used to determine the well-being 
of the child at home, 24 h after operation. 
Emergence from anaesthesia (response to non- 
painful stimuli) occurred earlier in group HH 
(mean 9 (sp 6) min) than in groups PAH (13 (6) 
min, P<0.01) and TH (18 (14) min, P<0.01). Sitting 
up, walking and home readiness were achieved 
earlier in groups PAH and HH than in group TH 
(P<0.05 for each variable). Children in group TH 
were more sedated during the first 30 min after 
anaesthesia than those in the two other groups 
(P<0.05) while emergence-related delirium was 
more common in group HH than in group TH 
(P<0.01). Well-being at home was similar in all 
groups. We conclude that induction of halothane 
anaesthesia with propofol-alfentanil or halothane 
provided more rapid recovery and earlier dis- 
charge than that with thiopental. (Br. J. Anaesth. 
1998; 81: 960-962) 


Keywords: anaesthesia, paediatric; anaesthetics i.v., propo- 
fol; anaesthetics i.v., thiopental; anaesthetics volatile, 
halothane; recovery, postoperative; surgery, paediatric 


Children aged 1-3 yr form a common group of 
patients undergoing short day-case procedures. The 
anaesthetic used should have minimal postoperative 
side effects to ensure rapid recovery from anaesthesia 
and return to a normal routine at home, 

Propofol is a short-acting i.v. anaesthetic which, as 
an induction or maintenance agent, provides rapid 
recovery from anaesthesia.’ However, rapid recovery 


does not necessarily shorten the time to discharge.’ 
Further, duration of anaesthesia may override the 
benefit gained from propofol as an induction agent, 
making recovery more dependent on the mainte- 
nance agent.” 

Few studies have investigated recovery after 
propofol-induced anaesthesia in children less than 
3 yr. We decided to compare the recovery profile, 
after halothane anaesthesia, of an induction dose of 
propofol with two conventional induction agents, 
thiopental and halothane, in children aged 1-3 yr 
undergoing day-case adenoidectomy. 


Methods and results 


After obtaining approval from the local Hospital 
Ethics Committee and written informed consent 
from parents, we studied 93 children, ASA I-LI, aged 
1-3 yr, undergoing day-case adenoidectomy. No 
premedication was used. Each child was allocated 
randomly to one of three groups using a computer- 
generated random number table: group TH (n=31) 
received thiopental 5 mg kg’; group PAH (n=31) 
received propofol 3 mg kg” and alfentanil 10 ug kg” 
(60 s before propofol); and group HH (=31) 5% 
inspired halothane for induction of anaesthesia. In 
group TH, tracheal intubation was facilitated with 
succinylcholine 1.5 mg kg’. In groups PAH and HH, 
tracheal intubation was performed without neuro- 
muscular block, and succinylicholine 1.5 mg kg” was 
given only if required. In all groups, anaesthesia was 
maintained with 1-3% halothane and 70% nitrous 
oxide in oxygen delivered via a Bain co-axial breath- 
ing system with the child breathing spontaneously. 
All children received diclofenac 12.5 mg rectally after 
tracheal intubation. Standard monitoring was used 
throughout anaesthesia. 

In the recovery room, the recovery and behaviour 
of the children were assessed by the same nurse, who 
was unaware of the induction method used. 
Sedation, crying, restlessness (motor activity) and 
agitation were evaluated using an open scale scoring 
from 1-9 (best to worst). Scores were recorded at 
10-min intervals for the first hour and then every 30 
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min until discharge. If the child at any point of evalu- 
ation scored six or more for crying, restlessness or 
agitation, recovery from anaesthesia was considered 
delirious. Repeated doses of pethidine 5 mg i.v. were 
given for postoperative pain relief at the discretion of 
the recovery nurse. Times to achieving the following 
predetermined recovery end-points were measured 
(from discontinuation of halothane): (1) time to 
responding to non-painful stimuli (emergence time); 
(2) time to first dose of pethidine; (3) time to sitting 
up; (4) time to drinking; (5) time to walking; and (6) 
time taken to achieve the criteria for discharge from 
the recovery room, which were stable vital signs for at 
least 30 min, able to walk according to age, tolerance 
of clear fluids, no nausea or vomiting, and no pain. 

A postoperative questionnaire was given to parents 
to be completed at home. Parents were asked to 
record the well-being and behaviour of the child 
(tiredness, eating, drinking ability, sleeping, vomit- 
ing, pain) until 24 h after discharge. 

Analyses were performed using one-way analysis 
of variance (ANOVA) with Bonferroni’s correction, 
Mann Whitney U test and chi-square test where 
appropriate. P<0.05 was considered significant. Data 
are presented as mean (sD) or number (%). In order 
to detect a 20-min difference in discharge time with a 
mean value of 100 min (sp 25 min), 25 patients were 
required in each group. This gave the study a power 
of 80% at a=0.05. 

The three groups were comparable in age, weight, 
duration of anaesthesia and surgery. Mean duration 
of anaesthesia was 22 (5), 24 (7) and 23 (6) min in 
groups TH, PAH and HH, respectively (ns). Tracheal 
intubation was successful in all patients in groups TH 
and HH. Seven patients in group PAH were given 
succinylcholine to facilitate tracheal intubation. The 
mean dose of rectal diclofenac was 0.95—0.98 mg kg” 
in the different groups (ns). Time to achieve recovery 
end-points are shown in table 1. Children in group 
PAH were more sedated than those in group HH at 
10 min after anaesthesia (P<0.01). Children in group 
TH were more heavily sedated during the first 
30 min and at 60 and 90 min after anaesthesia com- 
pared with children in groups PAH and HH (P<0.05 
at each time). The incidence of emergence-related 
delirium was 7%, 23% and 29% in groups TH, PAH 
and HH, respectively (P<0.01 group TH vs HH, 
P<0.07 group TH vs PAH). The mean dose of 
pethidine did not differ between groups but time to 
administering the first dose was significantly 
shorter in group HH (11 (9) min) than in group TH 
(19 (13) min) (P<0.01). Postoperative vomiting in 
the recovery room occurred in 16%, 10% and 10% 
of patients in groups TH, PAH and HH, respectively 
(ns). At home, the well-being and recovery of the 
children were similar in all groups. 


Comment 


Our findings differed from two previous studies inves- 
tigating recovery after halothane anaesthesia induced 
with propofol, thiopental or halothane in children 
older than 3 yr.’ Aun and colleagues found no differ- 
ences in early recovery characteristics (open eyes on 
command, full Steward score) between induction 
agents.” Our results support the suggestion that as the 
duration of anaesthesia increases, recovery becomes 


Table 1 Recovery times (mun) from the end of anaesthesia ın the 
three groups (mean (sp) and 95% confidence intervals (CD). 
*P<0.05 us the two other groups (Mann-Whitney U test) 


Group TH Group PAH Group HH 
(n=31) (1=31) (n=31) 
Emergence 18 (14) 13 (6) 9 (6)* 
13~23 10-14 7-11 
Sitting 63 (24)* 50 (25) 43 (22) 
52-71 40-60 35-51 
Dnnking 81 (25) 69 (25) 71 (26) 
71—91 59-79 61-80 
Walking 118 (31)* 92 (31) 89 (23) 
108-128 80-103 80-98 
Discharge 132 (29)* 112 (31) 108 (22) 
121-142 100-123 100-116 





more dependent on the maintenance agent rather 
than on the induction agent.” The short duration of 
anaesthesia in our study (<25 min) allowed both i.v. 
induction agents to have a residual effect in the early 
recovery period, thus explaining the slower awakening 
(emergence) in the thiopental and propofol-alfentani 
groups compared with the halothane group. Further, 
the longer redistribution half-life of thiopental (43 min)’ 
compared with propofol (26 min)* resulted in higher 
scores for sedation for a longer period after anaesthe- 
sia in the thiopental group. 

The use of alfentanil in the propofol-alfentanil 
group may have prolonged time to emergence. 
However, although emergence was fastest in the 
halothane group, children in the propofol—alfentanil 
group did not differ from those in the halothane 
group for any of the other recovery variables. This 
probably reflects the rapid clearance of propofol‘ and 
alfentanil’ in children. 

The short duration of anaesthesia in our study 
could also explain why the use of no i.v. induction 
agent provided the fastest emergence and rapid 
recovery from anaesthesia. Failure of several tissues 
to reach equilibration with the alveolar anaesthetic 
partial pressure during a short anaesthetic would 
result in more rapid elimination of halothane after 
discontinuation. Hanallah and colleagues found that 
early recovery (full Steward score) from anaesthesia 
induced with halothane did not differ from thiopen- 
tal.’ Our results could be explained by the longer 
duration of anaesthesia (>80 min) in their study. 

More children experienced “delirious recoveries” 
(crying, restlessness and agitation) in the halothane 
group compared with the thiopental group. Time to 
peak blood concentration after rectal diclofenac was 
30 min’ which, for some children, would have 
occurred 10-15 min after anaesthesia. Rapid emer- 
gence from anaesthesia may have led to the delirious 
recoveries through early perception of pain and could 
account for the significantly earlier administration of 
analgesics in the halothane group. The reduced inci- 
dence of emergence delirium and later administra- 
tion of pethidine in the propofol—alfentanil group 
could be a result of the analgesic effect of alfentanil 
extending into the immediate recovery period.’ 

Time to home readiness was similar in both the 
propofol-alfentanil and halothane groups, being sig- 
nificantly shorter than in the thiopental group. Later 
administration of pethidine in the thiopental group 
may have caused residual sedation, which is reflected 
in the higher sedation scores at 60 and 90 min after 
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anaesthesia. Also, more children vomited at a later 
stage in the thiopental group, which prolonged dis- 
charge time in some children. 

In summary, we conclude that i.v. induction with 
propofokalfentanil and inhalation induction with 
halothane provided similar rapid recovery characteris- 
tics after maintenance of anaesthesia with halothane. 
The only difference between the two groups was 
shorter emergence time and lower sedation scores 
during the first 10 min after the end of anaesthesia in 
the halothane group. Induction with thiopental 
resulted in significantly slower recovery after anaes- 
thesia compared with the two other groups, but 
recovery at home was not affected by the induction 
agent. 
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Nafamostat mesilate, a kallikrein inhibitor, prevents pain on injection 


with propofol 


H. Iwama, M. Nakane, S. OHMorI, T. KANEKO, M. Karo, K. WATANABE AND A. OKUAKI 





Summary 


We have examined the preventative effect of 
nafamostat mesilate, a kallikrein inhibitor, on 
pain on injection with propofol in a randomized, 
double-blind study. A control group (n=110) and 
a nafamostat (n=103) group received 5% glucose 
0.02 mi kg” and nafamostat 0.02 mg kg” diluted 
with 5% glucose, respectively, followed 1 min 
later „by 1% propofol injected at a rate of 200 mg 
min”. Pain scores recorded during injection of 
propofol were significantly less in the nafamo- 
stat than in the control group. In another 10 
patients, blood concentrations of nafamostat 
were measured after administration of nafamo- 
stat 0.02 mg kg” i.v. Mean nafamostat concentra- 
tion 1 min after injection was 0.1 (sp 0.05) umol 
litre’, which is sufficient to inhibit plasma 
kallikrein activity. We conclude that pretreatment 
with nafamostat 0.02 mg kg” significantly 
reduced pain on propofol injection and this 
effect may be caused by a reduction in kallikrein 
activity. (Br. J. Anaesth. 1998; 81: 963-964). 


Keywords: pharmacology, nafamostat; anaesthetics i.v., 
propofol; pain, injection 


The mechanism whereby propofol causes pain on i.v. 
injection is still unclear, although Scott, Saunders 
and Norman’ have suggested an effect on an enzy- 
matic cascade, possibly the plasma kallikrein—kinin 
system. In this cascade, kallikrein converts kinino- 
gens to kinins which are chemical mediators of pain. 
Nafamostat mesilate (Torii Pharmaceutical Co., 
Tokyo, Japan) is a synthetic serine protease inhibitor 
used clinically in Japan which inhibits kallikrein 
activity.’ If propofol-induced pain is attributed to 
kinins, this drug should decrease the pain via an 
inhibitory effect on kallikrein activity. This study was 
designed to test this hypothesis. 


Methods and results 


This study was approved by the Institutional 
Committee and all patients (ASA I-O) gave 
informed consent. In this randomized, double-blind 
study, 213 adult patients undergoing elective surgery 
were allocated to control (n=110) and nafamostat 
(n=103) groups. Patients were premedicated with 
atropine 0.008 mg kg“ i.m. and butorphanol 1 mg, 
30 min before entering the operating room where a 
20-gauge intravenous catheter was inserted in the 
forearm. A 10-mg vial of nafamostat was diluted with 
10 ml of 5% glucose, and this solution was stored at 


4°C and used within 72 h. One minute after injection 
of 5% glucose 0.02 ml kg™ (control group) or 
nafamostat 0.02 mg kg’ (nafamostat group), 1% 
propofol at room temperature was administered at a 
rate of 200 mg min’. During induction, patents 
were repeatedly asked to report and grade any dis- 
comfort or pain as: none=0; only discomfort=1; mild 
pain=2; moderate pain=3; and severe pain=4. Data 
are presented as mean (sD) or number of patients. 

The groups were similar in age (mean 48 (range 
19-78) vs 49 (18-83) yr), weight (mean 57 (sp 9) vs 
58 (10) kg), height (158 (9) vs 158 (9) cm), 
male/female ratio (38/72 vs 36/67) and ASA I/II ratio 
(80/30 vs 67/36). The injected doses of propofol in 
the control and nafamostat groups were 83 (17) and 
87 (22) mg (P>0.05, unpaired t test). Pain scores 
recorded during propofol injection are shown in 
table 1. The nafamostat group had a significantly 
lower incidence of propofol-induced pain (P<0.01, 
Mann-Whitney U test). 

Another 10 adult patients undergoing major surgery 
and requiring monitoring of arterial pressure during 
anaesthesia were studied. Mean age, weight, height, 
male/female and ASA VH ratios were 61 (range 
39-76) yr, 59 (sp 14) kg, 157 (8) cm, 6/4 and 4/6. 
Before induction of anaesthesia, a 22-gauge arterial 
catheter was inserted into the radial artery. 
Subsequently, nafamostat 0.02 mg kg” diluted with 
5% glucose was administered i.v., and arterial blood 
was collected from the catheter. Nafamostat concen- 
trations in blood 1 and 5 min after injection were 
assayed using high pressure liquid chromatography. 
Activated coagulation time (ACT) and plasma potas- 
sium concentration were measured before, and 1, 5 
and 10 min after injection. ACT was measured using 
ACTester (Quest Medical Inc., TX, USA). 
Nafamostat concentrations 1 and 5 min after injection 
were 100 (50) and 16 (7) nmol litre’. ACT was 110.6 
(10.5) s before injection, and 114.3 (9.5), 112.7 (8.6) 
and 116.3 (8.3) s, 1, 5 and 10 min after injection. 
Potassium concentrations were 3.803 (0.390) mmol 
litre’ before injection, and 3.868 (0.456), 3.809 
(0.373) and 3.792 (0.364) mmol litre’, 1, 5 and 10 
min after injection. There were no significant changes 
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Table 1 Pain scores during injection of propofol (number of patients (%)). Pain scores are: 0=no feeling, 
1=only discomfort, 2=mild pain, 3=moderate pain and 4= severe pain. P<0.01 between groups 





Pain score 
Group 0 1 2 3 4 
Control (=110) 26 (24%) 10 (9%) 29 (26%) 21 (19%) 24 (22%) 
Nafamostat (n=103) 56 (54%) 23 (22%) 17 (17%) 7 (7%) 0 (0%) 


in ACT and potassium measurements (P>0.05, 
repeated measures one-way analysis of variance). 


Comment 


According to the inhibitory effect of nafamostat on 
kallikrein, 50% inhibition is obtained at concentrations 
of 1-100 nmol litre’.** As this drug is hydrolysed 
rapidly by blood esterase,’ its biological half-life is 
approximately 8 min.” We speculated that the i.v. 
dose of nafamostat to transiently inhibit kallikrein 
activity would be approximately 1.0 mg. We have 
demonstrated in our randomized, double-blind 
study, that nafamostat 0.02 mg kg" had a significant 
effect on propofol-induced pain. 

We subsequently examined blood concentrations 
of nafamostat, and also ACT and plasma potassium 
concentrations after administration of nafamostat 
0.02 mg kg”. Arterial nafamostat concentrations 
were within the range necessary to inhibit the activity 
of plasma kallikrein. 

Nafamostat is used clinically as an antithrombotic 
agent but at the dose used in our study, there was no 
change in ACT. This is consistent with a previous 
report.’ The most harmful adverse effect of nafamo- 
stat is hyperkalaemia, although this complication 
appears in only 4.53% of patients with DIC receiving 
a continuous infusion of nafamostat (data on naf- 
amostat mesilate, 1996, Torii Pharmaceutical Co., 


Tokyo, Japan). The mechanism of hyperkalaemia. is 
by reduced urinary excretion of potassium, and it has 
been suggested that intermittent administration may 
prevent this effect.” We found no change in potas- 
sium concentration using a bolus dose of nafamostat 
0.02 mg kg”. 

In summary, pretreatment with nafamostat 
0.02 mg kg", 1 min before propofol injection signifi- 
cantly inhibited pain on injection. Blood concentra- 
tions of nafamostat indicated values sufficient to 
inhibit plasma kallikrein activity, suggesting kinin 
generation as a cause of pain. 
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Changes in ionized calcium concentrations and acid—base status during 


abdominal aortic vascular surgery 


S. JANKOWSKI, J. KNIGHTON, R. DUNNILL AND D. DICKSON 


Summary 


Abdominal aortic surgery may produce signifi- 
cant haemodynamic instability (from a combi- 
nation of factors: hypovolaemia, acid-base 
disturbances, vasoactive metabolite release 
from ischaemic tissues and hypocalcaemia). 
Calcium is often given after aortic unclamping to 
attenuate this instability. We studied 20 patients 
undergoing elective abdominal aortic surgery 
and observed a triphasic change in ionized 
calcium concentrations and acid-base status. 
Initially, during the cross-clamp period (when 
patients were cardiovascularly stable), ionized 
calcium concentrations decreased significantly 
(mean 1.06 (sp 0.08) to 0.91 (0.13) mmol litre”; 
P<0.01), while a significant metabolic acidosis 
developed (pH 7.38 (0.05) to 7.30 (0.05); P<0.05). 
Second, release of the aortic cross-clamp 
resulted in further acidosis (pH 7.27 (0.05) 
(P<0.05) mixed respiratory and metabolic) with a 
decrease in mean arterial pressure, with no 
change in ionized calcium concentrations. The 
third phase was associated with spontaneous 
restoration of acid-base status and ionized cal- 
cium concentrations to normal over 2 h. There 
was no correlation between units of blood given, 
volume of blood lost, fluid volume given or dura- 
tion of aortic cross-clamping and degree of ion- 
ized hypocalcaemia. We conclude that ionized 
hypocalcaemia occurred during the cross-clamp 
period of aortic surgery, was unrelated to the 
volume of blood given and did not appear to be 
responsible for the changes in arterial pressure 
during surgery. (Br. J. Anaesth. 1998; 81: 
965-967). 


Keywords: ions, calcium; surgery, vascular; acid-base equi- 
librium, metabolic acidosis. 





Unclamping of the abdominal aorta during vascular 
surgery may produce cardiovascular instability (arte- 
rial hypotension, tachycardia and changes in cardiac 
output).' Several factors may contribute: sudden 
reduction in left ventricular afterload, blood loss, 
reactive hyperaemia, metabolic effects, lactic acido- 
sis, hyperkalaemia, hypercapnia and release of toxic, 
vasoactive products of anaerobic metabolism.’ 
Aggressive fluid management, volume loading 
before aortic unclamping, sodium bicarbonate or cal- 
cium (particularly with large blood transfusions)’ * 
are used to minimize these changes. The role of 
exogenously administered calcium in maintaining 


cardiovascular function is unclear and disputed.’ 
Further, the practice of giving calcium during blood 
transfusions is empirical and the rationale for its use 
dates back to the period when whole blood was given 
rather than the current practice of giving specific 
blood products." 

In this study we have investigated the changes m 
ionized calcium concentrations [Ca] (physiologi- 
cally active fraction of blood calcium) and acid-base 
status during abdominal aortic surgery. 


Methods and results 


After obtaining approval for the study from the local 
Ethics Committee and verbal consent, we studied 20 
patients (16 males, ASA H or HI, mean age 72 (range 
51-89) yr), undergoing elective abdominal aortic 
surgery. All patients were anaesthetized by one of two 
anaesthetists (R.PH.D/D.M.D.) using s standard 
anaesthetic technique. Surgery was performed by the 
same two surgeons. 

All patients were given oral temazepam and meto- 
clopramide as premedication. Before operation a 
large bore i.v. cannula and radial arterial catheter 
were inserted under local anaesthesia. Arterial Oxy- 
gen saturation, heart rate and invasive mean arterial 
pressure (MAP) monitoring was started. A low 
thoracic-high lumbar (T12-L1) epidural was sited 
under local anaesthesia. A test dose of 0.5% bupiva- 
caine 3 ml was given, followed by a loading dese of 
8-10 ml of 0.125% bupivacaine with fentanyl 50 pg 
and an infusion of 0.125% bupivacaine with fentanyl 
4 pg ml" at 10-15 ml h”. General anaesthesia was 
induced in all patients with fentanyl 5 pg kg and 
thiopental 3-5 mg kg’. Vecuronium or pancuronium 
was used to facilitate tracheal intubation. Anaesthesia 
was maintained with 1-1.5% isoflurane and 60% 
nitrous oxide in oxygen. A triple-lumen central 
venous catheter was then inserted inte the right 
internal jugular vein. 

All patients received 10% mannitol 500 mi before 
clamping of the aorta, glyceryl trinitrate 3-5 mg 
min’ and dopexamine 3 pg kg min infusions. 
Levels of inotropic support were unchanged during 
aortic cross-clamping. No patient received sodium 
bicarbonate or calcium. Fluid replacement isted 
of crystalloid and colloid infusions (with blood as 
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required) to maintain a central venous pressure of at 
least 12-15 mm Hg. l 

Blood-gas analysis and ionized [Ca] measure- 
ments were performed before surgery, before aortic 
unclamping, at 3, 15 and 30 min after aortic 
unclamping, and immediately on arrival in the inten- 
sive care unit. All blood sample were obtained using 
1 ml of arterial blood in 50 u. of dry heparin and 
analysed using an ABL 500 Radiometer blood-gas 
and ion-selective analyser for ionized [Ca™], (normal 
range=1.05-1.25 mmol litre `). 

Changes from baseline values for metabolic and 
[Ca™] data were evaluated using analysis of variance 
for repeated measurements (ANOVA) with 
Bonferroni correction for multiple comparisons. 
Statistical significance was defined as P<0.05. 

We observed a triphasic response in acid-base sta- 
tus and ionized [Ca"] (fig. 1). The first phase (aorta 
cross-clamped) was associated with metabolic acido- 
sis and a significant reduction in ionized [Ca] 
(mean 1.06 (sp 0.08) to 0.91 (0.13) mmol litre; 
P<0.01) with no significant changes in MAP. The 
second phase (aortic cross-clamp release) was associ- 
ated with a transient decrease in MAP and further 
increase in acidosis (metabolic and respiratory) 
(without further significant changes in ionized 
[Ca”’]). The third phase was associated with sponta- 
neous restoration of acid-base status and ionized 
[Ca™"] over 2 h. 

There was no significant correlation (Pearson 
product moment) between degree of reduction in 
ionized [Ca*’] and aortic cross-clamp time (7=0.309, 
P=0.189) (mean 43.4 (sp 11.3) (range 20-65) min), 
blood loss (=0.361, P=0.129) (1280 (569) (range 
350-2500) ml), fluid volume given (crystalloid and 
colloid) (=0.149, P=0.529) (2090 (584) (range 
1000-3500) ml), units of blood transfused (r=0.397, 
P=0.083). 


Comment 


During aortic cross-clamping we observed metabolic 
acidosis with ionized hypocalcaemia with no change 
in MAP. Reduction in ionized [Ca] was not related 
to the number of units of blood transfused, measured 
blood loss, volume of fluid given or cross-clamp time. 
Patients not given blood still had significant reduc- 
tions in ionized [Ca]. Metabolic acidosis has been 
reported previously with lactic acidosis’ while ionized 
hypocalcaemia (under life-threatening circum- 
stances) has been reported only once.” 

Hypovolaemic shock leads to ionized hypocal- 
caemia and is related to duration of shock.’ The 
decrease in ionized [Ca] in our patients may reflect 
hypovolaemia or indicate ischaemic tissues. In 
patients after cardiorespiratory arrest, ionized 
hypocalcaemia is common and thought to reflect 
ischaemia within peripheral tissues as a result of 
intracellular influx of calcium.’ In aortic surgery, 
blood flow to the lower limbs may still occur during 
the cross-clamp period because of well developed 
collateral circulations,’ and ionized hypocalcaemia 
may indicate washout of blood from ischaemic tis- 
sues. 

On release of the aortic cross-clamp, a reduction in 
MAP occurred with no significant change in ionized 
[Ca™"] but with a further acidosis and hypercapnia. 
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Figure 1 Ionized calcium concentrations [Ca], pH, Pa,,,, base 
excess (BXS) and mean arterial pressure (MAP) during aortic 
surgery: pre-aortic clamping (Pre.), during aortic cross- 
clamping (X-Clamp) and after release of aortic cross-clamp 
(mean, sp). * P<0.05 from baseline. 


Although reported previously, these metabolic 
abnormalities are not thought to be entirely responsi- 
ble for haemodynamic instability during this period. 
During this type of surgery, the importance of avoid- 
ing hypovolaemia and tissue hypoperfusion and pre- 
venting depression of the cardiovascular system with 
aggressive volume replacement has been empha- 
sized,'* 

The role of calcium in the maintenance of cardio- 
vascular function is complicated and depends on 
many factors (including whether or not a patient is 
hypo- or normocalcaemic).’ Previous work suggests 
that hypocalcaemia (from citrate used as an anticoag- 
ulant) may cause haemodynamic instability, but this 
is disputed because giving calcium may not always 
restore cardiovascular stability. Hypocalcaemia with 
blood transfusion is transient and stopping the trans- 
fusion results in a spontaneous increase in calcium 
concentrations.’ Calcium administration during 
aortic surgery is empirical and is used to reverse 
cardiovascular instability (thought to be caused by 
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large (>5 u.) blood transfusions.’ Rebound hyperten- 
sion has been documented and indiscriminate use of 
calcium has resulted in cardiac arrest. Further, it is 
unclear if giving calcium to patients with ischaemic 
tissues is detrimental as it may worsen ischaemic 
injury. Over the next 2 h there was a spontaneous 
restoration of ionized [Ca] and acid-base status 
with no significant change in MAP. Therefore, giving 
calcium to patients during aortic surgery may be 
unnecessary. 

In summary, we observed a decrease in ionized 
[Ca™"] during aortic cross-clamping without change 
in arterial pressure. The cause of this ionized 
hypocalcaemia is unclear and probably multifactorial 
but it may reflect peripheral tissue ischaemia and a 
degree of hypovolaemia. Blood transfusion did not 
appear to cause ionized hypocalcaemia. Treatment of 
ionized hypocalcaemia during abdominal aortic 
surgery should primarily be volume replacement and 
calcium given only during severe hypocalcaemia and 


life-threatening circumstances (preferably while 

X a . . 2 rye ge . 
monitoring ionized [Ca”]). These findings do not 
relate to emergency aortic surgery. 
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Vascular properties of isoflurane: comparison between normal and 


cirrhotic rats 


P. KIRSTETTER, F. LAGNEAU, F. Le Corre, S. CAILMAIL, R. Moreau, D. LEBREC AND J. MARTY 





Summary 


Isoflurane is known to dilate blood vessels and 
to modulate nitric oxide production. Because cir- 
rhosis is characterized by over production of 
endothelial nitric oxide, isoflurane-induced 
vasodilatation may be altered in this situation. 
We have compared the vasodilator effects of 
isoflurane in normal rats and rats with sec- 
ondary biliary cirrhosis. Aortic rings (intact or 
endothelium denuded) from normal and cir- 
rhotic rats were suspended in HEPES solution 
and preconstricted with KCI 40 mmol litre”. 
Isoflurane dose-dependently relaxed vessels in 
both groups. Maximal relaxation was compara- 
ble between normal and cirrhotic rats in intact 
(mean 80 (sem 4) vs 81 (6)%; ns) and in denuded 
(100 (4) vs 95 (5)%; ns) vessels. Intact vessels 
relaxed more than denuded vessels in both 
groups (100 (4) vs 80 (4)% (P=0.0008) in normal 
rats and 95 (5) vs 80 (6)% (P=0.0008) in cirrhotic 
rats). We conclude that cirrhosis did not modify 
isoflurane-induced vasodilatation and that the 
modulator effect of endothelium was conserved. 
(Br. J. Anaesth. 1998; 81: 968-969). 


Keywords: anaesthetics volatile, isoflurane; blood, vessels; 
liver, cirrhosis; rat 





Cirrhosis is characterized by systemic and splanchnic 
vasodilatation’ involving over production of nitric 
oxide by the endothelium.’ Isoflurane is a volatile 
anaesthetic known to induce vasodilatation and to 
modulate endothelium-derived nitric oxide produc- 
tion.’ Therefore, the pharmacological properties of 
isoflurane may be modified in cirrhosis. The aim of 
this study was to compare the response to increasing 
concentrations of isoflurane in normal rats and in 
rats with secondary biliary cirrhosis. 


Methods and results 


The study was approved by the French Agriculture 
Office, in accordance with European legislation 
involving animals. We studied male Sprague-Dawley 
rats (weighing 300-350 g) (Iffa-Credo, France). 
Induction of secondary biliary cirrhosis was per- 
formed as described previously.’ Briefly, under ether 
anaesthesia, the common bile duct was exposed by 
median laparotomy and occluded by a double liga- 
ture with non-resorbable suture (7-0 silk, Peters 
Laboratories, Bobigny, France). The common bile 


duct was resected between the two ligatures. A 
control group using the same weight sham-operated 
rats was studied in parallel. Animals were studied 4 
weeks after operation. 

For the preparation of aortic rings, animals were 
anaesthetized with pentobarbital 50 mg kg” i.p. The 
thoracic aorta was removed and placed in a modified 
HEPES buffer (37°C) aerated with a mixture of 95% 
oxygen and 5% carbon dioxide. Aortae were dis- 
sected clean of fat and extraneous tissues and divided 
in 3.5-4.0-mm ring segments. In some rings, 
endothelium was removed mechanically by gently 
rubbing the intimal surface with a stainless steel rod. 
The rings were suspended between two L-shaped 
stainless steel hooks and placed in a 10-ml 
water-jacketed organ chamber containing a solution 
composed of (mmol litre‘): NaCl 118.2, KCI 4.7, 
NaHCO, 25.0, KH,PO, 1.2, MgSO, 1.2, CaCl, 2.5, 
glucose 11.1 and HEPES 5, Organ chambers were 
aerated continuously with 95% oxygen and 5% car- 
bon dioxide with pH maintained at 7.35-7.40. 
Temperature was maintained constant at 37°C. 
Isometric tension was measured (g) using a force dis- 
placement transducer (UF1 Pioden Controls, Paris, 
France) connected to the upper hook. Tension was 
recorded on a Servo trace recorder (Sefram, Paris). 
During the equilibration period of 60 min, the buffer 
was changed every 15 min and resting tension was 
adjusted periodically to 1.5 g. Active contraction 
was induced with KC] 40 mmol litre’ and the 
integrity of the endothelium was assessed by testing 
relaxation produced by addition of acetylcholine 10° 
mol litre”. 

Endothelium was considered intact when acetyl- 
choline elicited a minimum of 30% vasodilatation. 
Endothelium was considered removed when acetyl- 
choline induced no vasodilatation. After acetylcholine 
testing, the rings were washed and re-equilibrated to 
baseline tension for 60 min. After this new equilibra- 
tion period, concentration-responses curves were 
constructed with norepinephrine (noradrenaline), 
acetylcholine and isoflurane. 

Increasing cumulative doses of norepinephrine 
10 °-10° mol litre” were administrated in rings from 
control (n=12) and cirrhotic (n=12) rats. The same 
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Isoflurane and cirrhosis 


procedure was performed in rings without endothe- 
lium from control (n=12) and cirrhotic (v=12) rats. 

Rings were preconstricted with norepinephrine 
10° mol litre’ (maximal contraction). When a 
plateau of maximal contraction was reached, increas- 
ing cumulative doses of acetylcholine 10°-10° mol 
litre’ were then administrated in rings from control 
(n = 6) and cirrhotic (n=6) rats. 

Aortic rings were preconstricted (KCI 40 mmol 
litre’) and exposed to cumulative concentrations of 
isoflurane (1-5%). Isoflurane was delivered using a 
calibrated agent-specific vaporizer (Abott, France). 
Aeration concentrations of isoflurane were moni- 
tored and adjusted using an anaesthetic agent moni- 
tor. Each concentration was maintained until the 
effect on the aortic ring reached a plateau (i.e. an 
average of 10 min). Isoflurane was administered to 
intact rings from normal (7=12) and cirrhotic (7=8) 
rats. Isoflurane was also administered in denuded 
rings from normal (n=12) and cirrhotic (7=6) rats. 

Data are expressed as mean (SEM). Contractions to 
norepinephrine are expressed in grams. Relaxation to 
acetylcholine and isoflurane is expressed as percent- 
age of precontraction obtained with norepinephrine 
10° mol litre’ or KCl 40 mmol litre’. Data were 
analysed statistically using ANOVA. The statistical 
package was Statview SE (Abacus Concept, Inc, 
Berkley, USA, CA). Differences were considered sig- 
nificant at P<0.05. 

In intact rings, the maximal response to norepi- 
nephrine was significantly lower in rings from cir- 
rhotic rats compared with controls (1.95 (0.18) vs 
2.91 (0.42) g; P=0.0007). In contrast, contraction to 
norepinephrine was comparable between denuded 
rings from cirrhotic and control rats (1.48 (0.24) vs 
1.29 (0.15) g; P=0.49). Acetylcholine-induced relax- 
ation was significantly greater in cirrhotic than in 
control rats (47.5 (5.6) vs 22.6 (2.8)%; P=0.003). 

After isoflurane, maximal relaxation was compara- 
ble between normal and cirrhotic rats in intact (80 
(4) vs 81 (6)%; ns) and denuded (100 (4) vs 95 
(5)%; ns) vessels. In contrast, intact vessels relaxed 


e “@ Normal rats + endothelium 
| © Cirrhotic rats + endothelium | 
| 
Ë = Normal rats - endothelium 





% Decrease in tension 


Isoflurane concn (%) 


Figure 1 Concentration—response curves for isoflurane in normal 
rats with and without endothelium and in cirrhotic rats with and 
without endothelium. Isoflurane produced a concentration- 
dependent decrease in tension in intacts rings and in denuded 
rings of normal and cirrhotic rats. Relaxation was greater in vessels 
without endothelium than in intact vessels in both groups. 
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more than denuded vessels in both groups of rats 
(100 (4) vs 80 ve (P=0.0008) in normal rats and 
95 (5) vs 80 (6)% in cirrhotic rats) (fig. 1). 


Comment 


We have confirmed that vascular reactivity to an a 
agonist, norepinephrine, was decreased in isolated 
vessels from cirrhotic rats compared with controls.’ 
Among the hypotheses to explain this result, over 
production of nitric oxide by the endothelium of ves- 
sels from cirrhotic animals has been proposed.” 

In normal rats, it has been shown previously that 
isoflurane-induced vasodilatation was more impor- 
tant in vessels without endothelium than in intact 
vessels.’ To explain this result, we hypothesized that 
isoflurane inhibits nitric oxide production and at the 
same time dilates vessels, leading to relative constric- 
tion in vessels with endothelium.’ In eur study, this 
result was also observed in rats with cirrhosis. As a 
result, modulation of isoflurane-induced vasodilata- 
tion by endothelium’ was conserved in vessels of cir- 
rhotic rats in which over production of nitric oxide 
took place in the endothelium. 

As endothelial production of nitric oxide is 
increased in cirrhosis and as isoflurane modulates 
this production, the effect of isoflurane in intact ves- 
sels of cirrhotic rats should be different from the 
effect observed in intact vessels from controls. In 
fact, we showed that isoflurane-induced väsodilata- 
tion was comparable between normal and cirrhotic 
rats, suggesting that endothelial over production of 
nitric oxide did not alter vascular reactivity to isoflu- 
rane. This result strongly suggests that vasodilatation 
produced by isoflurane is independent of nitric 
oxide. 

In summary, we conclude that isoflurane-induced 
vasodilatation was not modified by cirrhosis, a condi- 
tion involving over production of nitric oxide by 
the endothelium, and that the modulator effect of 
endothelium was conserved. 
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Sedation depends on the level of sensory block induced by spinal 


anaesthesia 


M. Gentiui, P. CHau Huu, D. ENEL, J. HOLLANDE AND F. BONNET 





Summary 


We have investigated the relationship between 
the extent of spinal block and occurrence of 
sedation. In a first series of 43 patients, the dis- 
tribution of sedation score (measured on the 
Ramsey scale) was related to the extent of spinal 
block (pinprick). In a second series of 33 patients, 
the relationship between sedation score and 
spinal block persisted after injection of midazo- 
lam 1 mg. This study confirmed that high spinal 
block was associated with increased sedation. 
(Br. J. Anaesth. 1998; 81: 970-971). 


Keywords: anaesthetic techniques, subarachnoid; hypnotics 
benzodiazepine, midazolam; sedation 





It is stated frequently that patients with spinal block 
may be drowsy, although they may not have received 
any sedative drugs.’ It has been demonstrated also 
that high spinal anaesthesia increases sensitivity to 
the sedative effect of midazolam,’ suggesting that 
spinal or epidural block has a sedative action. 
Therefore, we have conducted a study to investigate 
the effect of spinal block on patient awareness and to 
relate this effect to extent of block. 


Methods and results 


Initially, we studied 43 unpremedicated patients 
undergoing general surgery under spinal anaesthesia 
(mean age 57 (range 17-91) yr). Hyperbaric 0.5% 
bupivacaine was used for spinal anaesthesia in the 
dose range 5~20 mg, according to the surgical proce- 
dure requirements of the anaesthetist in charge. The 
level of sensory block was evaluated by pinprick at 5, 
10, 20, 30 and 45 min after administration of bupiva- 
caine. Sedation was estimated at the same time using 
the Ramsey scale (l=anxious and agitated; 2=co- 
operative and tranquil; 3=drowsy but responsive to 
command; 4=asleep but responsive to a glabellar tap; 
5=asleep with a sluggish response to tactile stimula- 
tion; 6=asleep and no response) by an independent 
observer unaware of the extent of block.’ Monitoring 
included heart rate, arterial pressure and Sa,. 
Hypotension (defined as a decrease in systolic arter- 
ial pressure less than 90 mm Hg) was treated by 
ephedrine 3—12 mg i.v. 

We then studied a second group of 33 patients 
(mean age 58 (range 25-83) yr) also undergoing 
surgery under spinal anaesthesia using 0.5% hyper- 
baric bupivacaine in the same dose range. After com- 
pletion of spinal block, these patients were given an 
i.v. bolus of midazolam 1 mg. Sedation scores were 


determined before and 5, 10, 20, 30 and 45 min after 
administration of midazolam. Patients in this group 
were monitored as before. 

In both groups we examined the relationship 
between maximum sedation score and maximum 
extent of sensory block and age. Data were analysed 
using a contingency table. P<0.05 was considered 
significant. 

The maximum upper levels of sensory block were 
T2 and L3. A significant relationship was found 
between the maximum extent of sensory block and 
level of sedation in the first series of patients (fig. 1a) 
(P<0.03) and in the second series after administra- 
tion of midazolam (fig. 18) (P<0.05). Three patients 
in the first group and one in the second group experi- 
enced hypotension without worsening of sedation 
score. There were no episodes of oxygen desatura- 
tion. There was no relationship between age and 
extent of block. 


Comment 


Although sedation scores were not distributed in 
the complete range of the Ramsey scale, we have 
shown an association between the level of sensory 
block and degree of sedation. There was no associa- 
tion with age. Lv. administration of midazolam 
increased sedation scores but did not change the 
relationship between the extent of sensory block 
and degree of sedation. In agreement with previous 
studies, * and with daily clinical practice, we found 
that, especially when the block extended to the upper 
thoracic segments, after a small dose of midazolam 
(1 mg), some patients (27%) were unresponsive 
to verbal stimulation and only reacted to a light 
glabellar tap. 

High spinal block may impair awareness because 
of hypotension or arterial oxygen desaturation. There 
were no such events in our study. A direct effect of 
local anaesthetic on the brainstem may explain seda- 
tion. Thus to avoid significant plasma absorption of 
local anaesthetic, we studied spinal instead of 
epidural anaesthesia. Nevertheless, Inagaki and 
colleagues have demonstrated that i.v. lidocaine did 
not produce sedation while epidural lidocaine did,° 
suggesting that the sedative effect was more likely to 
be caused by the anaesthetic block rather than the 
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Sedation under spinal anaesthesia 


No. of patients 
0 




















4-4 
2 — 
r il 
L1-2-3 T11-12 T9-10 T7-8 T5-6 T2-4 
Upper level of sensory block 
10> n 
0 | B 
| E Score 2 
| E Score 3 
. C] Score 4 | 
oe | pp ieee 
S 6~ 7 
a 
oO 
a | | 
_ 
5. a4 
S 
zZ 
2 —4 
| nà 
OE E E- 





L1-2-3 T11-12 T9-10 T7-8 T56 T2-4 
Upper level of sensory block 


Figure 1 A: Sedation scores according to the level of sensory 
block (n=43). 8: Sedation scores after administration of 
midazolam according to the level of sensory block (7=33). 
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effect of the local anaesthetic on the central nervous 
system. 

Spinal block results in loss of proprioceptive inputs 
from muscles and joints which are thought to con- 
tribute to maintenance of awareness. Inagaki and col- 
leagues also suggested that a decrease in nociceptive 
stimulation was implicated in the increased sensitiv- 
ity to anaesthetic agents.” The lack of warm and cold 
sensations could also be partly implicated. 

In summary, we have shown that high spinal block 
was associated with sedation. This confirms that 
sedation must be carefully titrated in patients with 
high central block. 
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Topical anaesthesia of intact skin: liposome-encapsulated tetracaine vs 


EMLA 


R. FisHER, O. HUNG, M. MEZEI AND R. STEWART 





Summary 


In this randomized, double-blind study, we have 
compared the ability of 5% liposome-encapsu- 
lated tetracaine (amethocaine) (LET) vs 5% 
eutectic mixture of local anaesthetics (EMLA) to 
produce local anaesthesia of intact skin in 40 
healthy volunteers. Volunteers had both prepa- 
rations applied to their forearms under an occlu- 
sive dressing for 1 h. Superficial anaesthesia 
was measured by a total of nine 1-mm pinpricks 
on each arm. Deeper anaesthesia was assessed 
by single insertion of a sterile 22-gauge needle 
to a depth of 3 mm and pain was reported on a 
visual analogue scale (VAS). If the volunteer per- 
ceived greater than four of the 1-mm pinpricks, 
the 3-mm insertion was not performed. Results 
showed that the number of pinpricks perceived 
was significantly less (P<0.01) for LET (median 
1.0; range 0-9) vs EMLA (1.5; 0-9). In volunteers 
who had deeper anaesthesia assessed, there 
was no significant difference (P=0.065) in VAS 
scores for LET (mean 1.5 (sp 1.4); n=34) vs EMLA 
(2.4 (2.1); n=28). Overall anaesthetic effect, as 
ranked by all of the subjects, was significantly 
better for LET compared with EMLA (P=0.024). 
We have demonstrated that when applied in 
equal volumes, 5% LET produced better super- 
ficial local anaesthesia than EMLA. (Br. J. Anaesth. 
1998; 81: 972-973). 


Keywords: anaesthetics local, EMLA; anaesthetics local, 
tetracaine 





Currently, many hospitals use topical anaesthetic 
cream to help alleviate pain and decrease the stress of 
venepuncture in paediatric patients. One of the most 
widely used topical anaesthetics for intact skin is a 
5% eutectic mixture of local anaesthetics (EMLA: 
2.5% lidocaine and 2.5% prilocaine). EMLA 
produces good dermal anaesthesia after the recom- 
mended 1-h application.’ 

Investigation of dermal penetration of several local 
anaesthetics has shown that tetracaine (amethocaine) 
is the most effective drug for percutaneous local 
anaesthesia. Coating of drugs with phospholipids, a 
process known as “liposome-encapsulation”, repre- 
sents an innovative method of drug delivery for local 
anaesthetics. It has been established that liposome- 
encapsulation increases both the rate of penetration 
and effective concentration in the epidermis of topi- 
cally applied drugs.’ Based on this, we believed that 
liposome-encapsulated tetracaine (LET) would be 
an effective topical anaesthetic. 


Methods and results 


In this randomized, double-blind study, we have 
compared the efficacy of 5% LET with 5% EMLA 
for providing superficial and deep anaesthesia in 40 
healthy volunteers. The study was approved by the 
Research Review Committee of the Victoria General 
Hospital, Dalhousie University, Halifax, NS, 
Canada. LET was prepared at the College of 
Pharmacy, Dalhousie University, Halifax, NS, 
Canada, based on a well-established and patented 
method.) EMLA was obtained from Astra 
Pharmaceuticals Products Inc. (Westborough, MA, 
USA). The colour and consistency of the LET cream 
was adjusted to appear identical to that of EMLA. 

After obtaining written informed consent, the 
surface of both forearms was swabbed with 70% 
isopropyl alcohol solution to remove excess skin oils. 
Then, 1 ml of either 5% LET or 5% EMLA was 
applied randomly (tossing of a coin) to a 4x4 cm area 
on each arm. These areas were covered with an 
occlusive dressing (Tegaderm, 3M, London, 
Ontario, Canada). After 1 h, the occlusive dressings 
were removed and the creams wiped off in the same 
order in which they had been applied. All subjects 
were scored immediately for the presence of ery- 
thema or blanching at the application site. 

Both arms were tested for degree of superficial 
and deep anaesthesia. Superficial anaesthesia was 
assessed using a sterile 20-gauge needle (Becton 
Dickinson, Franklin Lanes, NJ, USA) inserted via a 
small cork so that the needle protruded 2 mm. 
Subjects were pricked a total of nine times over a 
3 x 3 cm grid superimposed over the application site. 
An initial pinprick in a non-anaesthetized portion of 
the forearm was used for comparison. Results were 
recorded as the number of painful stimuli out of 
nine. 

The study design stipulated that if a subject felt 
greater than four of the nine pinpricks, deeper anaes- 
thesia would not be tested in that arm. If the subject 
felt four or less of the nine pinpricks, a 22-gauge 
needle was inserted randomly in the area of applica- 
tion to a depth of 3 mm and the subject’s response 
was recorded on a 0-10 visual analogue scale (VAS). 

Finally, we asked subjects to rate their impression 
of both creams in terms of overall anaesthetic effect. 
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Liposome-encapsulated tetracaine vs EMLA 


Responses were recorded as no effect, some effect or 
good effect. Subjects were also asked to state which 
cream they preferred. Responses were recorded as 
“no difference”, “prefer A” or “prefer B”. 

Superficial pinprick data were compared using 
McNemar’s test. VAS scores were compared using a 
Wilcoxon non-parametric test. Chi-square analysis 
was used to compare the number of sites tested for 
deeper anaesthesia for LET vs EMLA. Overall 
anaesthetic effect was compared using a Wilcoxon 
signed rank test. The assigned rankings were: 0=no 
effect, l=some effect, 2=good effect, 3=best effect. 
Data are expressed as mean (sD). P<0.05 was consid- 
ered significant. 

We studied 40 volunteers (26 females) aged 22—64 yr 
(mean 34.7 yr). Mean application time was 60.9 (1.0) 
min for both preparations. In the assessment of 
superficial anaesthesia, the number of pinpricks 
perceived was significantly less (P<0.01) for LET 
(median 1.0; range 0-9) compared with EMLA (1.5; 
0-9). Significantly fewer (P<0.01) of the volunteers 
in the LET (7=6) group felt greater than four of the 
nine superficial pinpricks compared with the EMLA 
group (n=12). Assessment of deeper anaesthesia 
demonstrated a trend towards lower VAS scores for 
LET (1.5 (1.4); n=34) vs EMLA (2.4 (2.1); n=28), 
but this difference was not statistically significant 
(P=0.065). 

Overall anaesthetic effect was significantly better 
for LET than for EMLA (P=0.024). Twenty-four 
(62.5%) volunteers preferred LET while nine (20%) 
preferred EMLA. Both preparations were judged to 
have good anaesthetic effects in all 33 of the volun- 
teers. Certain individuals may require an extended 
period of application in order to achieve adequate 
local anaesthesia. 

Side effects included mild erythema in 32 (80%) 
LET subjects. EMLA produced blanching in 23 
(58%) subjects. The occlusive dressing produced 
mild localized itching in the area of skin contact in 
two volunteers. 


Comment 


We have demonstrated that 5% LET produced better 
superficial local anaesthesia than EMLA. This 
finding was likely the result of increased absorption 
of the liposomal preparation through the stratum 
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corneum.’ In the assessment of deeper anaesthetic 
effect, there was a trend towards lower VAS scores for 
the LET group compared with the EMLA group, 
but this difference was not statistically significant. 
Testing a larger number of subjects or testing all 
volunteers regardless of superficial anaesthesia may 
have revealed a significant difference between the 
two preparations. 

In the assessment of overall anaesthetic effect, the 
majority of subjects preferred LET (62.5%). 
However, it is interesting that 20% preferred EMLA 
while 12.5% found no difference; 5% had no anaes- 
thesia with either preparation. These differences are 
probably related to individual differences in skin 
composition and thickness which alter the absorp- 
tion of both preparations. 

Erythema seen with LET is probably secondary to 
the vasodilating action of tetracaine,’ as application 
of empty liposomes to intact skin produces no ery- 
thema.‘ If a local anaesthetic cream ıs being used 
before i.v. insertion, vasodilatation would be benefi- 
cial, Future studies are planned to compare the effi- 
cacy of LET vs EMLA to produce local anaesthesia 
of intact skin before i.v. insertion. 
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Effect of infiltration with ropivacaine on blood loss during reduction 


mammoplasty 


A. M. LDL, A. P. HALL, J. ARROWSMITH AND G. SMITH 


Summary 

Ropivacaine is a new aminoamide local anaes- 
thetic agent. Unlike other agents in its class, 
such as bupivacaine, it has been found to be 
vasoconstrictive. We have sought to investigate 
if this property is clinically useful and may 
reduce surgical blood loss. Reduction mammo- 
plasty is a procedure in which considerable 
blood loss may occur. We have compared pre- 
incision infiltration of ropivacaine 75 mg in 0.9% 
saline 60 ml with the current practice of infiltra- 
tion with bupivacaine 75 mg in 0.9% saline 60 ml 
and epinephrine (adrenaline) 5 ug mI”. We stud- 
ied five subjects; each received both solutions by 
infiltration, one to each breast, in random order 
and both the operating surgeon and anaesthetist 
were blind to the solution given. For data analy- 
sis, blood loss was expressed in ml/kg of tissue 
excised. There was no significant difference 
between the two regimens for duration of 
surgery or amount of tissue excised; however, 
ropivacaine was associated with markedly 
greater intraoperative blood loss than bupiva- 
caine (median 696 (range 305-1366) mi kg” vs 
300 (169-608) ml kg’; P=0.04, Wilcoxon rank 
sum test). Postoperative blood loss was not sig- 
nificantly different between groups (116 (14-173) 
ml kg” vs 98 (13-332) ml kg’; P=0.69, Wilcoxon 
rank sum test). We conclude that the vasocon- 
strictive-properties of ropivacaine were not suffi- 
ciently great to merit its use as a sole agent for 
infiltration before reduction mammoplasty. (Br. 
J. Anaesth, 1998; 81: 974-975). 


Keywords: anaesthetics local, bupivacaine; anaesthetics 
local, ropivacaine; anaesthetic techniques, i.v. regional; 
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Reduction mammoplasty is a relatively common pro- 
cedure in which significant blood loss may occur. 
During the 1970s, blood loss during this type of 
surgery often required replacement by transfusion.’ 
However, significant reduction in blood loss and 
therefore transfusion requirements occur when epi- 
nephrine (adrenaline) is infiltrated before surgical 
incision.” It is now common practice to infiltrate 
breast tissue with a combination of bupivacaine and 
epinephrine 1:200 000 before dissection. This pro- 
vides a combination of perioperative local anaesthe- 
sia with vasoconstriction. 

Ropivacaine is a newly introduced aminoamide 
local anaesthetic agent which is closely related struc- 
turally to mepivacaine and bupivacaine. However, it 


is less toxic than bupivacaine which has been associ- 
ated with adverse cardiac effects after rapid systemic 
absorption or inadvertent intravascular injection.’ In 
addition, after subcutaneous infiltration, ropivacaine 
has a greater duration of action than bupivacaine 
which has been attributed to the intrinsic vasocon- 
strictor properties of the drug.’ 

The aim of this study was to investigate if ropiva- 
caine alone, in comparison with a bupivacaine— 
epinephrine mixture (our current standard regimen), 
provided any useful vasoconstriction during reduc- 
tion mammoplasty. 


Method and results 


After obtaining local Ethics Committee approval and 
written informed consent, we recruited five patients 
iñ a pilot study. Subjects were female, ASA I-I, aged 
27-32 yr and undergoing elective reduction mam- 
moplasty. Exclusion criteria included gross breast 
asymmetry and known sensitivity to local anaesthetic 
agents. 

Patients underwent a standard general anaesthetic 
without premedication. Anaesthesia was induced 
with propofol and maintained with isoflurane and 
70% nitrous oxide in oxygen. The trachea was 
intubated and the lungs ventilated to normocapnia 
after administration of atracurium. Residual neuro- 
muscular block was antagonized with neostigmine 
and glycopyrrolate. Peri- and postoperative analgesia 
were supplemented with morphine as required. 

The same surgeon operated on all patients. 
Patients provided their own comparison as each sub- 
ject received both solutions. The surgeon and anaes- 
thetist were blind to the solution used for infiltration 
into each breast, which was prepared and provided 
by an investigator. The solutions were administered 
to each side (breast) in random order. All drug infil- 
tration was performed by the same surgeon immedi- 
ately before incision of each breast. The local 
anaesthetic solutions were: bupivacaine 75 mg in 
0.9% saline 60 ml with epinephrine 5 pg mI", and 
ropivacaine 75 mg in 0.9% saline 60 ml without 
epinephrine. 

The skin was incised by scalpel and tissue was dis~ 
sected using argon-assisted diathermy. Operative 
blood loss from each breast was measured separately 
by weighing of swabs and the use of plastic drapes 
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Table 1 Amount of breast ussue excised from each side and intra- and postoperative bicod loss. Each side was infiltrated before incision 
with either ropivacame 75 mg in 0.9% saline 60 ml or bupivacaine 75 mg ın 0.9% saline 60 ml with epinephrine 5 pg ml” 






































Ropivacaine Bupivacaine with epinephrine 5 pg mI” 
Intraop. Postop. k Intraop. Postop. 

Excised load loss blood loss Excised blood loss blood loss 
Patient tissue tissue ——— 
No. (8) (ml) (ml kg") (ml) (ml kg") (g) (ml) (mikg") (ml) (ml kg”) 
1 432 590 1366 50 116 366 124 338 30 82 
2 849 259 305 12 14 603 102 169 200 332 
3 366 198 541 7 19 393 118 300 5 13 
4 375 352 939 65 173 387 198 512 38 98 
5 795 554 696 120 152 745 453 608 115 154 


with collection pockets. Postoperative blood loss was 
measured by surgical wound drains. In addition, the 
amount of tissue excised and the time from infiltra- 
tion to completion of each dissection were measured. 

Published data suggested that mean blood loss 
with epinephrine would be approximately 150 ml (sp 
90 ml). For a study power of at least 80% we calcu- 
lated that 20 patients would be required to detect a 
difference in blood loss of 90 ml. Data were analysed 
statistically using SPSS for Windows 95—Wilcoxon 
rank sum test. We did not assume that the data would 
fit a normal distribution. Level of significance was 
taken as P<0.05. 

Data from all subjects are shown in table 1. There 
was no significant difference between the two regi- 
mens for duration of surgery or amount of tissue 
excised. For analysis, blood loss was expressed in 
ml/kg of tissue excised. We found that administration 
of ropivacaine was associated with markedly greater 
intraoperative blood loss than the bupivacaine— 
epinephrine mixture (median 696 (range 305-1366) 
ml kg” ws 300 (169-608) ml kg’; P=0.04, Wilcoxon 
rank sum test). Postoperative blood loss did not differ 
significantly between the two solutions (116 (14-173) 
ml kg” vs 98 (13-332) ml kg’; P=0.69, Wilcoxon 
rank sum test). 


Comment 


We have found that ropivacaine was associated with 
significantly greater blood loss than bupivacaine— 
epinephrine during reduction mammoplasty. It was 
our original intention to study 20 patients, but after 
five patients it was apparent that a large difference 
may exist and therefore the study was halted and 
treatment codes were broken. We compared ropiva- 
caine with our current practice of using a mixture of 
bupivacaine with epinephrine 5 pg mI’; it would not 
have been acceptable to compare it with bupivacaine 
alone as this is known to be associated with extensive 
blood loss and may have resulted in the need for 
transfusion or possibly asymmetrical wound healing.’ 


` 


Infiltration of ropivacaine has been shown to result 
in more prolonged analgesia than plain bupivacaine.* 
We did not examine the quality or duration of post- 
operative analgesia. In in vitro experiments, ropiva- 
caine has been shown to produce vasoconstriction 
in isolated femoral artery preparations,’ and in vivo 
studies examining capillary blood flow with a laser 
Doppler technique have shown a significant reduc- 
tion in blood flow. In addition, ropivacaine may 
be less toxic than bupivacaine,” suggesting that it may 
be preferable to bupivacaine as a local anaesthetic for 
reduction mammoplasty. 

There may be some advantage in using a mixture of 
ropivacaine with epinephrine. This may prove more 
efficacious in terms of both blood loss and duration of 
postoperative analgesia; further studies are required. 

In summary, we have found that in respect of intra- 
operative blood loss, ropivacaine was not suitable for 
use as a sole agent for infiltration before reduction 
mammoplasty. Further studies are required to exam- 
ine the optimum dose of epinephrine for use with 
ropivacaine. 
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Anaesthetic management of a woman who became paraplegic at 22 
weeks’ gestation after a spontaneous spinal cord haemorrhage 
secondary to a presumed arteriovenous malformation 


A. J. ELDRDGE, M. KPLING AND J. Warr SMITH 


Summary 

A 19-yr-old woman developed a paraplegia with 
a T10 sensory level at 22 weeks’ gestation. The 
spinal injury was caused by spontaneous bleed 
of a presumed arteriovenous malformation in the 
spinal cord. She presented for Caesarean section 
at term because of the breech position of her 
fetus. The successful use of a combined spinal 
epidural-regional anaesthetic is described and 
the risks of general and regional anaesthesia are 
discussed, (Br. J. Anaesth. 1998; 81: 976-978). 


Keywords: anaesthesia, obstetric; complications, arterio- 
venous malformation; pregnancy; anaesthetic techniques, 
subarachnoid; anaesthetic techniques, epidural 





The anaesthetic management of pregnant paraplegic 
patients has been well documented. However, there 
is no previous report of the anaesthetic management 
of a woman requiring a Caesarean section who had 
become paraplegic during her pregnancy after a sub- 
arachnoid bleed in the spinal cord. 

Historically, subarachnoid bleeds have been impli- 
cated in 5-12% of maternal deaths,” although more 
recent estimates suggest a slightly lower incidence.** 
However, this mortality is almost entirely caused by 
intracranial bleeds. Spontaneous subarachnoid 
haemorrhage can also occur in the spinal canal. 
While spinal canal bleeds are less likely to be fatal, 
they may cause devastating neurological sequelae. 
These bleeds are usually caused by arteriovenous 
malformations (AVM). 

The incidence of spinal canal AVM is 3.4~-11.5 % 
of all spinal tumours.°’ They are either epidural or 
intradural, with intradural lesions being on the 
surface or in the substance of the cord. The average 
age at presentation is 57 yr for epidural AVM and 37 
yr for spinal cord AVM. AVM are nine times more 
common in males than females.* 

AVM have the potential for spontaneous haemor- 
rhage or to cause cord ischaemia. Characteristic 
symptoms at presentation are leg weakness, sensory 
deficit and a disturbance of micturition and defeca- 
tion. Nerve root pain may also occur. When these 
symptoms are caused by cord ischaemia, onset is 
usually slowly progressive, sometimes taking more 
than 1 yr to develop. In contrast, haemorrhage pre- 
sents with an acute onset of symptoms and is the 
cause of presentation in approximately 10% of dural 
AVM’ and up to 45% of spinal cord AVM.’ 


The presence of a known spinal AVM is generally 
considered a contraindication to neuroaxial anaes- 
thesia, although Ong and colleagues reported the 
successful management of a woman with a large 
asymptomatic cervical AVM who had a Caesarean 
section performed under spinal anaesthesia." 


Case report 


A previously healthy 19-yr-old woman in her first 
pregnancy presented at 22 weeks’ gestation with 
radicular pain in both legs and a urinary tract infec- 
tion. She was treated with antibiotics and analgesics 
and discharged. She returned 7 days later with leg 
weakness and urinary retention. Over the following 
12 h she developed a T10 sensory level and near 
complete flaccid paralysis of her legs. She was 
referred for a neurosurgical opinion and magnetic 
resonance imaging, which revealed a bleed in the 
spinal cord atT10 consistent with a small AVM (fig. 1). 
Oedema caused mild swelling of the cord from T9 to 
T12, but no surface abnormality was seen on the 
cord or in the epidural space. 

Surgery was not indicated and the patient was 
transferred to the regional spinal rehabilitation unit. 
Over the following weeks she had some recovery of 
power in her legs and could stand with the aid of a 
frame. She was eventually discharged home at 32 
weeks’ gestation. 

Her pregnancy was further complicated by the 
breech position of her fetus and therefore an elective 
operative delivery was planned. She was seen in our 
anaesthetic assessment clinic where she expressed a 
strong preference to be awake for the delivery. 

A literature review was undertaken, the MRI scan 
was discussed and opinions sought from neurolo- 
gists, neurosurgeons and anaesthetists at two spinal 
injury centres who advised first that regional anaes- 
thesia was not contraindicated and second that the 
patient had a small risk of developing autonomic 
hyperreflexia in the perioperative period. 

Women with spinal injuries commonly go into pre- 
mature labour. Depending on the neurological 
deficit, the patient may be unaware of labour start- 
ing. This patient presented because her urinary 
catheter fell out. Early labour was diagnosed and a 
semi-elective Caesarean section performed. 

A careful assessment was made of her neurological 
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Caesarean section after spinal cord haemorrhage 
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Figure] Magnetic resonance image of the thoracic spine with an 
area of hyperintensity indicated at T9-10. The appearance is 
consistent with a small haematoma in the cord secondary to an 
underlying arteriovenous malformation. 


deficit before anaesthesia was started. Routine moni- 
toring of ECG, arterial pressure and oxygen satura- 
tion was established. If general anaesthesia had been 
used, we would have inserted intra-arterial pressure 
monitoring but felt that non-invasive arterial pres- 
sure monitoring at 1-min intervals was sufficient for 
the anticipated slower changes in arterial pressure 
associated with regional anaesthesia. 

We wished to extend the regional block gradually 
to maintain haemodynamic stability. Additionally, to 
minimize pressure changes in the epidural space, we 
wanted to avoid using large volumes of epidural local 
anaesthetic. We therefore elected to use a combined 
spinal—epidural technique with a slightly lower dose 
than usual of intrathecal hyperbaric bupivacaine. By 
elevating the upper thoracic spine we could protect 
against rapid spread of local anaesthetic. 

The patient was positioned in the left lateral posi- 
tion with a shoulder wedge to raise the upper tho- 
racic spine. A “through needle” technique was used. 
At the L3— interspace, 2 ml of 0.5% hyperbaric 
bupivacaine with fentanyl 12.5 ug was injected 
intrathecally using a 25-gauge pencil point spinal 
needle. The spinal needle was withdrawn and the 
epidural catheter was gently inserted. Blood could 
not be aspirated through the catheter. The patient 
was then turned to the full right lateral position, 
again with a shoulder wedge. 
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After 20 min the block had extended to T9. A test 
dose of 3 ml of 0.5% bupivacaine was given via the 
epidural catheter. Five minutes later the block was 
assessed again and further increments of epidural 
bupivacaine were administered over 10 min until a 
total of 8 ml of 0.5% bupivacaine had been given. 
Forty minutes after the spinal injection, the block 
had extended to T2 to cold, T3 to pinprick and T5 to 
light touch. No ephedrine was given and systolic 
arterial pressure was maintained at 110-140 mm Hg. 
The efficacy of the block below the level of the lesion 
was confirmed by loss of ankle clonus and muscle 
tone in the legs. Interestingly, the patient complained 
of some dysaesthesia at T12 despite anaesthesia to 
cutaneous stimulation. Surgery was uneventful and a 
live female infant was delivered. 

After operation the patient was observed closely. 
As autonomic hyperreflexia could occur in the post- 
operative period, arterial pressure was assessed regu- 
larly and the patient was instructed to report any 
severe headaches. The regional block receded over a 
“normal” time course and neurological assessment 
confirmed that no new deficit had developed. The 
epidural catheter was left in situ in the event that it 
was required to control a hyperreflexic episode, but 
was removed after 12 h. 

The patient made an uncomplicated recovery from 
her surgery and was discharged home 5 days later. 


Discussion 


Neurological deficits in patients with previously 
unknown and asymptomatic AVM have been 
reported after epidural’ and spinal’ anaesthesia in 
pregnant” and non-pregnant patients." © * These 
deficits can be devastating and permanent. However, 
in each of these reports, cord ischaemia was sus- 
pected to have caused the neurological deficit. In our 
patient, spinal cord haemorrhage had already 
occurred. Our principal concern was to prevent fur- 
ther neurological damage and we suspected that, 
although a critical change in spinal cord haemody- 
namics could result in cord ischaemia, the greater 
risk was a re-bleed from her spinal cord lesion. 

Regional or general anaesthesia could have been 
used. Both techniques carried potential risks. 
Regional anaesthesia can be associated with hypoten- 
sion, especially when the onset of block is rapid. 
Epidural pressure may also be increased by injection 
of fluid into the spinal canal. Huselmeyer and White 
found that injecting 10 ml of 2% lidocaine over 30 s 
generated a mean increase in epidural pressure of 
28.1 cm H,O and in one patient produced a peak ele- 
vation of 73 cm H,O.” The combination of hypoten- 
sion and increased epidural pressure may cause a 
critical decrease in perfusion pressure of an already 
compromised segment of cord, and treating hypoten- 
sion with vasoconstricting agents could worsen cord 
ischaemia. 

However, with a combined spinal-epidural tech- 
nique, large volumes of epidural local anaesthetic are 
not usually required, minimizing any change in 
epidural pressure. In addition, by using a low dose of 
intrathecal local anaesthetic and carefully positioning 
the patient, onset of block could be controlled, mini- 
mizing haemodynamic instability. Indeed, during 
surgery, NO vasoactive agents were necessary. 
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Regional anaesthesia may also cause haemorrhage. 
As the site of the AVM was known, direct trauma to 
the lesion itself was unlikely, but trauma to an 
epidural vein was possible. Extensive AVM generate 
high flow rates and can enlarge epidural veins along 
the whole length of the spinal canal.’ Disruption of 
an “arterialized” vein could result in a significant 
epidural haematoma. However, in this instance, the 
lesion was small and therefore the epidural vessels 
were unlikely to be enlarged. 

Haemorrhage has been reported after diagnostic 
lumbar puncture. Loss of CSF from the dural sac can 
change spinal cord anatomy and place AVM under ten- 
sion. However, with a 25-gauge pencil point needle, the 
incidence of CSF leak sufficient to cause a postdural 
puncture headache is approximately 1%,* and there- 
fore the risk of producing significant tension on a spinal 
lesion would probably be much lower than this. 

General anaesthesia was the alternative technique. 
We considered that the risk of further haemorrhage 
was greater with general anaesthesia because of the 
potential for hypertension, particularly during induc- 
tion and intubation. Suppression of the hypertensive 
response to intubation with high doses of opioids or 
short-acting antihypertensive agents could have been 
used, but these techniques might themselves cause 
problems. A high-dose opioid technique would have 
compromised the standard rapid sequence induction 
which would have been modified to avoid using suc- 
cinylcholine (suxamethonium) because of potential 
hyperkalaemia. However, in this patient, who was 
scored as Mallampati grade 1 and was adequately 
starved, the increased risk of aspiration would have 
been small. Using antihypertensive agents might 
have caused a period of rebound hypotension with 
the associated risk of cord ischaemia, particularly as 
deep anaesthesia would have been required to sup- 
press autonomic hyperreflexia. 

Autonomic hyperreflexia is a condition character- 
ized by a disordered autonomic response to a stimu- 
lus below the level of a spinal cord injury. The 
common features are episodes of severe hypertension 
with or without reflex bradycardia, headache and 
occasionally profuse sweating. The higher the level of 
the spinal injury, the greater the risk of autonomic 
hyperreflexia. In patients with a T7 lesion there is an 
85% incidence of autonomic hyperreflexia.” 
Episodes may start any time from 3 months to 12 yr 
after the injury has occurred.” By the time of 
surgery, our patient had not had a hyperreflexic 
episode. However, the lesion had developed recently 
and surgery would be a potent stimulus. General 
anaesthesia does not reliably control autonomic 
hyperrefiexia unless deep anaesthesia ig used, while 
regional anaesthesia, particularly spinal anaesthesia, 
does, 

Trying to quantify these relative risks is almost 
impossible with little literature published. It must be 
remembered that regional anaesthesia is being per- 
formed regularly in patients who have undiagnosed 


British Journal of Anaesthesia 


lesions without problems. In this instance we felt that 
because the AVM was small and had already bled, 
the risks from general anaesthesia were at least as 
great as those from regional anaesthesia and there- 
fore after discussion with the patient, we opted for 
regional anaesthesia. 

We remain cautious about using regional anaesthe- 
sia in the presence of an AVM, and would always 
advise careful assessment of the potential benefits. In 
this particular instance, we have reported the suc- 
cessful management of a primiparous breech delivery 
by Caesarean section under combined spinal- 
epidural anaesthesia of a patient who had become 
paraplegic at 22 weeks’ gestation secondary to haem- 
orrhage in the spinal cord. 
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Large goitre causing difficult intubation and failure to intubate using 
the intubating laryngeal mask airway: lessons for next time 


H. G. WaKELING, A. Opy AND A. BALL 





Summary 


A 63-yr-old woman was anaesthetized for 
sub-total thyroidectomy. The thyroid gland was 
large, deviating the trachea to the right and caus- 
ing 30% tracheal narrowing at the level of the 
suprasternal notch. Mask ventilation was easy 
but laryngoscopy was Cormack and Lehane 
grade 3. Despite being able to see the tip of the 
epiglottis, tracheal intubation was impossible. 
An intubating laryngeal mask was inserted and 
although the airway was clear and ventilation 
easy, it was not possible to intubate the trachea 
either blindly or with the fibreoptic broncho- 
scope. Tracheal intubation was eventually 
achieved using a 6.5-mm cuffed oral tracheal 
tube via a size 4 laryngeal mask under fibreoptic 
control. We describe the case in detail and dis- 
cuss the use of the intubating laryngeal mask, its 
potential limitations and how to optimize its use 
in similar circumstances. (Br. J. Anaesth. 1998; 
81: 979-981). 


Keywords: intubation tracheal; intubation tracheal, complica- 
tions; equipment, masks anaesthesia 





Difficulry with intubation may be caused by an 
enlarged thyroid gland producing tracheal deviation 
or compression, or both. The laryngeal mask airway 
has been recognized as a useful adjunct during diffi- 
cult intubation. It appears in the American Society of 
Anesthesiologists’ difficult airway algorithm, both as 
an emergency airway and the conduit of choice for 
the fibreoptic bronchoscope.’ The intubating laryn- 
geal mask airway (ILMA, Fastrach, Intavent, UK) 
recently became available. It is a laryngeal mask air- 
way which has been adapted extensively to enable 
blind intubation of the trachea using an especially 
modified tracheal tube.” Brian and colleagues found 
this device to be useful for difficult intubation; easy 
ILMA ventilation and reliable tracheal intubation 
were achieved in a group of patients with known or 
predicted difficult intubation.’ 

We describe the airway management of a patient 
with a large goitre with particular emphasis on the 
use and potential limitations of the ILMA, with 
suggestions for optimizing ILMA technique. 


Case report 


A 63-yr-old retired nurse presented for thyroid- 
ectomy with a thyroid goitre of approximately 30 yr. 
She was euthyroid after treatment with propyl- 


thiouracil. Past medical history included hyperten- 
sion and palpitations when she was hyperthyroid. 
Medication included propranolol LA 160 mg daily 
and propylthiouracil 150 mg bid. She was allergic to 
tetracycline. She had undergone general anaesthesia 
uneventfully on three previous occasions. She had 
no stridor, hoarseness or difficulty breathing and 
was not a smoker. There was no history of 
gastro-oesophageal reflux. 

Airway assessment revealed prominent incisor 
teeth and some crowned molars. Her mouth opened 
well and she had a Mallampati grade I upper airway. 
She had somewhat restricted neck extension but the 
trachea did not appear to be clinically deviated. A 
thoracic inlet x-ray showed trachea! deviation to the 
right, maximal just above the suprasternal notch, 
with approximately 30% narrowing of the trachea in 
its anterioposterior and transverse diameters at this 
point (fig. 1). 

Cardiorespiratory assessment was normal with a 
slow regular heart rate of 56 beat min © and arterial 
pressure of 170/80 mm Hg. Heart sounds were nor- 
mal. There was no stridor. Chest expansion and 
breath sounds were normal. Full blood count, urea 
and electrolyte concentrations, and thyroid function 
tests were normal. She was premedicated with 
temazepam 20 mg and metoclopramide 10 mg orally, 

A 16-gauge i.v. cannula was inserted into the left 
forearm and an infusion of Hartmann’s solution 
commenced. Full non-invasive monitoring was used, 
including ECG, arterial pressure, oxygen saturation, 
inspired oxygen and end-tidal carbon dioxide before 
induction of anaesthesia. Previous discussion with 
the surgeon had excluded the need to stimulate the 
recurrent laryngeal nerve. Anaesthesia was induced 
with fentanyl 200 pg and thiopental (thiopentone) 
400 mg. Mask ventilation was easy and vecuronium 
8 mg was given to facilitate intubation. Anaesthesia 
was maintained with 1% isoflurane and 50% nitrous 
oxide in oxygen. The patient’s head was placed on 
two pillows and the neck extended as far as the 
restriction allowed. Direct laryngoscopy using a size 
3 MacIntosh blade revealed only the tip of the 
epiglottis. It was not possible to pass a gum-elastic 
bougie into the trachea. A size 4 McCoy laryngo- 
scope was used but this did not improve the view, 
Between intubation attempts, the patient’s lungs 
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Figure 1 Thoracic inlet x-ray showing tracheal deviation caused 
by the large thyroid goitre. 


were ventilated uneventfully using a face mask and 
adequate anaesthetic depth was maintained. 

An ILMA size 4 was inserted easily into the 
hypopharynx and 30 ml of air were placed in the cuff. 
The breathing system was connected to the ILMA 
and easy, unobstructed manual ventilation estab- 
lished. The position of the ILMA was adjusted until 
an optimal seal was established. An 8-mm id ILMA 
tracheal tube was advanced down the ILMA in the 
position of optimal seal. The tracheal tube passed 
into the oesophagus on this and all other occasions 
without resistance. The position of the ILMA was 
adjusted several times. First, the mask was inserted 


further so that the first black line was at the level of 


the teeth. Second, the ILMA was withdrawn so that 
the fourth and then sixth lines were level with the 
teeth. Third, the ILMA was rotated gently to the 
right to compensate for the deviation of the trachea, 
and finally size 3 and then size 5 ILMA were tried, all 
without success. A fibreoptic bronchoscope loaded 
with a tracheal tube was then inserted via the ILMA. 
Passage of the fibrescope was extremely difficult and 
we were unable to see the larynx. This was partly 
because the epiglottic elevating bar (EEB) obscured 
the view and prevented the bronchoscope tip from 
passing sufficiently anterior. Despite trying to alter 
the position of the ILMA, it was impossible to see the 
laryngeal inlet. 

A standard size 4 laryngeal mask was then inserted 
and ventilation established. It was eventually possible 
to see a swollen laryngeal opening using the fibre- 
optic bronchoscope via the LMA. The bronchoscope 
was inserted to reveal the tracheal bifurcation and a 
6.5-mm id tracheal tube, already mounted, was rail- 
roaded over the scope. Tracheal intubation was con- 
firmed by end-tidal carbon dioxide measurement 
and auscultation. The tracheal tube and LMA were 
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replaced with an 8-mm id tracheal tube over a 
gum-elastic bougie. Throughout this period, the 
patient remained stable with heart rate 60-70 beat 
min ' and systolic arterial pressure 110-150 mm Hg. 
Oxygen saturation remained at 97-99% throughout. 

Thyroidectomy was performed without complica- 
tion. I.v. dexamethasone 10 mg was given to reduce 
glottic swelling. The patient was sedated and venti- 
lated overnight in the intensive care unit. The follow- 
ing day, sedation and ventilation were weaned off. On 
deflating the tracheal tube cuff, an audible leak was 
heard and the tube was removed uneventfully. I.v. 
dexamethasone was continued for 24 h but there 
were no further airway difficulties. 


Discussion 


Patients with large goitres are considered to be more 
likely to present difficulty at intubation, particularly 
if the goitre has produced tracheal deviation or has 
retrosternal extension.’ In this case, there was radio- 
logical evidence of tracheal deviation which was 
asymptomatic. The patient had prominent incisor 
teeth and restricted neck extension. She was 
Mallampati grade I. Once the degree of intubation 
difficulty was established, several options were con- 
sidered. Postponing the procedure and reducing the 
gland with radio-iodine was a possibility, but this can 
cause acute swelling and airway compromise. A 
laryngeal mask airway (LMA) was considered but 
there was a risk that tracheal intubation could be 
required urgently, as has been reported previously.’ 

Fibreoptic placement of the tracheal tube via a 
standard LMA was difficult because the larynx was 
deviated to the right and the laryngeal inlet had 
tipped forwards. To enter the laryngeal inlet, the 
bronchoscope had to be angled steeply anteriorly and 
to the right on emerging from the LMA, and then 
caudally when the posterior aspect of the laryngeal 
inlet had been passed. 

The ILMA is a recently available device for blindly 
intubating the trachea. °° It consists of a modified 
LMA attached to a curved stainless steel tube. The 
curvature of the tube was developed using a series of 
sagittal magnetic resonance images (MRI) of the 
head and neck. The consequent tube curvature rep- 
resents the best fit from the MRI series. The aperture 
bars have been replaced by the EEB which lifts the 
epiglottis up out of the way during tracheal tube 
placement. In addition, a 20° tracheal tube guiding 
ramp has been incorporated immediately behind the 
EEB to guide the tube more anteriorly.” 

Interestingly, although tracheal intubation with the 
ILMA was not achieved in this case, ventilation via 
the ILMA was easy with all three sizes. In two recent 
ILMA studies, ventilation was easy in all 250 patients 
via the ILMA." This is important as we have not 
seen any reports of inability to ventilate in either our 
own series or in the literature. One of the preliminary 
studies clearly demonstrated a learning curve in gain- 
ing expertise with the use of the ILMA.’ This case 
report arose from our seventh use of the device. It 
represents one of only two failures in 56 uses to date. 

There have been no reports of ILMA use in 
patients with distorted laryngeal anatomy. Although 
difficult intubation conditions have been described in 
two large preliminary studies’ and in a recent triple 
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case report,’ none has described an altered laryngeal 
position. The ILMA may have limited use in cases 
such as this where the laryngeal position has been 
altered significantly by disease. 

However, there are some lessons that we have learnt 
from this case, subsequent cases and discussion with 
the inventor. First, the ILMA is for use with the head 
in the neutral position. We kept the head in the “sniff- 
ing” position throughout. This would have decreased 
the anterior angle of projection of the tracheal tube 
from the ILMA and directed it more towards the 
oesophagus. Second, with further experience we have 
found that lifting the ILMA handle such that the 
rim of the proximal end of the ILMA tube lies in the 
horizontal plane improves intubation success. This 
presumably increases the anterior projection angle, 
reducing the likelihood of oesophageal intubation. 

We were unable to see the larynx using the fibre- 
optic bronchoscope via the ILMA. It was not possible 
to direct the bronchoscope anteriorly enough to 
reach the laryngeal inlet because of the EEB. The 
inventor suggested that this problem may be avoided 
by inserting the tracheal tube to the horizontal line 
(indicating that the tube tip lies at the EEB) and 
advancing it 1.5 cm to lift the EEB before inserting 
the bronchoscope. It may have been possible to 
locate the larynx fibreoptically with this approach as 
this was achieved through a standard LMA. 

The inventor also suggested holding a second 
ILMA of the same size externally, exactly parallel to 
the inserted device. This permits estimation of the 
position of the EEB. The EEB should be cephalad to 
(i.e. above) but within 2 cm of the thyroid promi- 
nence, which approximates to the laryngeal inlet. By 
holding the second ILMA alongside, the inserted 
device can be manoeuvred to achieve the alignment 
described. 
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In summary, this case of difficult intubation arose 
from deviation of the laryngeal inlet anteriorly and 
laterally because of a large thyroid goitre. The ILMA 
provided a means of easy, unobstructed ventilation of 
the patient’s lungs whichever size was used and 
despite the airway abnormalities. But failure to intu- 
bate with the device blind or with a fibreoptic broncho- 
scope occurred; inexperience may have contributed to 
this failure. However, this is the first case report of 
attempted ILMA use in the presence of abnormal 
laryngeal position. Further experience with the 
device in such cases is needed to determine if abnor- 
mal lower airway position represents a significant 
limitation to the usefulness of this device for 
tracheal intubation. 
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Spence AA, Smith G. Postoperative analgesia and lung function: a comparison of morphine 
with extradural block. British Journal of Anaesthesia 1971; 43: 144-148. 


This study compares the effect of two postoperative 
pain control methods, i.m. morphine and intermit- 
tent epidural bupivacaine, on respiratory function in 
a group of 2] patients after upper abdominal surgery. 
The epidural method was found to have a significant 
beneficial effect, producing better arterial oxygena- 
tion, lower ventilatory frequencies, a larger tidal 
volume and a lower incidence of postoperative pneu- 
monia. The extent of impairment of respiratory func- 
tion seen over the first 5 days after operation is 
significant. Vital capacity was reduced to one-third of 
the preoperative value on the first day after operation 
and was only 60% of the preoperative value by day 5. 

It would not be surprising to find a study compar- 
ing the postoperative effects of epidural bupivacaine 
and i.m. morphine on respiratory function in an 
anaesthetic journal in the 1990s. However, Spence 
and Smith’s study describes their use in the early 
1970s. It is important when reviewing such a study to 
put it in the context of the clinical practice at that 
time before analysing its historical significance. The 
range of drugs and techniques available for postoper- 
ative analgesia was limited essentially to i.m. opioids 
(morphine, pethidine and diamorphine). Bupivacaine 
had been introduced into clinical practice in 1968 
and merited only brief mention in two standard UK 
textbooks published in 1970. The use of epidural 
analgesia was essentially limited to a relatively small 
number of centres providing an obstetric service. It is 
interesting also to note that the surgical procedures 
have changed over the same time period. The intro- 
duction of H, antagonists means that vagotomy and 
pyloroplasty is an operation performed only rarely, 
but in the 1960s and 70s it was the “bread and 
butter” of general surgical lists. 

The respiratory changes described in this article 
had been noted previously and have become estab- 
lished subsequently in anaesthetic practice. However, 
their significance is not always remembered in post- 
operative care after major abdominal surgery. Indeed, 
in 1992, Reeder and colleagues’ demonstrated that in 
a group of patients who had undergone abdominal 
aortic surgery, there was significant impairment of 
oxygenation, as measured by continuous pulse 
oximetry, during the first 5 nights after operation. 
Median time spent with Sp, <90% for all patients 
studied on the third night after operation was almost 
50%. 

Investigation of pulmonary function in this study 
was thorough, and included chest x-ray, arterial and 
expired gas analysis and spirometry. The incidence 
of postoperative pneumonia was high (70% in the 


morphine group) but perhaps not surprising in a 
group of patients most of whom (19 of 21) were 
smokers and hypoventilating. The criteria used to 
define pneumonia in this study are still generally 
applicable and it is notable that all patients with 
pneumonia fulfilled two or more of the criteria. In 
comparison, a recent study’ of 200 morbidly obese 
patients undergoing gastric surgery found an inci- 
dence of respiratory complications after operation of 
approximately 6%. This occurred in a population 
that would be expected to be at high risk of such 
complications. 

What has changed in the postoperative manage- 
ment of patients undergoing major abdominal 
surgery since this article was published that may have 
resulted in such improvements? There have been 
several areas which may have contributed to this, 
including the wider use of postoperative oxygen ther- 
apy, monitoring (particularly pulse oximetry’) and 
methods of drug delivery. In the case of methods of 
delivery, patient-controlled analgesia (PCA) systems 
or continuous thoracic epidural infusion have 
become the standard choice after upper abdominal 
surgery.‘ Morphine is still the most widely used drug 
for PCA. It is interesting to note that in the original 
article, the authors consider they were using a rela~ 
tively high dose of morphine in the first 24 h; 20 mg 
in the perioperative period and a mean of 26 mg after 
operation. This would be considered a very modest 
dose in most PCA studies after upper abdominal 
surgery. For example, the study of George and col- 
leagues’ used fentanyl 2 ug kg’ in the peroperative 
period and a mean of 92 mg of morphine in the first 
24h. 

There has been a change in drug use epidurally 
with the move initially to lower concentrations of 
bupivacaine and subsequently to the addition of opi- 
oids, now most commonly fentanyl. George and 
colleagues compared the effects of epidural fentanyl 
10 pg mi™-0.2% bupivacaine mixture with PCA 
morphine i.v. on respiratory function during the first 
24 h after upper abdominal surgery. Both techniques 
demonstrated a decrease in FVC, FEV, and PEFR 
and increased Paco, but the effects were greater with 
PCA. 

Another element of this type of study that has 
changed since this original publication is assessment 
of patient pain. The widespread introduction of acute 
pain services in the 1990s has led to the shift in 
emphasis from “PRN morphine i.m.” towards titra- 
tion of postoperative analgesia to individual require- 
ments. This has been achieved by regular assessment 
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of patient pain using visual analogue scores and has 
helped to minimize the risk of getting into the cycle 
of: severe pain with hypoventilation, treated with a 
large dose of morphine i.m., leading subsequently to 
over sedation and a period of respiratory depression. 
This cycle of events is likely to have been involved in 
the high incidence of respiratory complications in 
Spence and Smith’s study. 

The conclusion from this study, that the choice of 
postoperative analgesic regimen has a major influ- 
ence on the incidence and pattern of postoperative 
respiratory complications, is still relevant to current 
practice. Championing of epidural analgesia as a 
method likely to reduce the incidence of respiratory 
complications has been borne out by subsequent 
research. 

C. S. REILLY 
Department of Anaesthesia 
Royal Hallamshire Hospital 
Sheffield S10 2¢F 


983 


References 


1. Reeder MK, Goldman MD, Loh L, Muir AD, Foex P, Casey 
KR, McKenzie PJ. Postoperative hypoxaemia after major 
abdominal vascular surgery. Brinsh Journal of Anaesthesia 
1992; 68: 23-26. 

2 Goulding ST, Hovell BC. Anaesthetic experience of vertical 
banded gastroplasty. Brinsh Journal of Anaesthesia 1995; 75: 
301-306. 

3. Wheatley RG, Somerville ID, Sapsford DJ, Jones JG 
Postoperative hypoxaemua: comparison of extradural, i m. and 
patient-controlled opioid analgesia. Brinsh Journal of 
Anaesthesia 1990; 64: 267-277. 

4. Peacock JE, Dale S. Patient controlled analgesia. Current 
Opinion tn Anesthestology 1996, 9: 313-317. 

5. George KA, Wright PMC, Chisakuta AM, Rao NYS. Thoracic 
epidural analgesia compared with patient controlled intra- 
venous morphine after upper abdominal surgery. Acta 
Anaesthestologica Scandinavica 1994, 38. 808-812. 


British Journal of Anaesthesia 1998; 81: 984-988 


Brit. J. Anaesth. (1971), 43, 144 


POSTOPERATIVE ANALGESIA AND LUNG FUNCTION: A COMPARISON 
OF MORPHINE WITH EXTRADURAL BLOCK 


BY 


A. A. SPENCE AND G. SMITH 


SUMMARY 


Twenty-one patients for vagotomy with gastroenterostomy or pyloroplasty were 
allocated randomly to postoperative analgesia with either morphine by injection or con- 
tinuous extradural nerve block. In terms of clinical assessment and A~a Po, difference 
measured before and after operation, extradural nerve block was found to reduce the 
degree of postoperative lung dysfunction. It is concluded that the conventional use of 
narcotics for postoperative analgesia increases the risk of lung morbidity. 


Postoperative hypoxaemia in the absence of 
hypoventilation has been observed by many in- 
vestigators and is most marked following upper 
abdominal and thoracic surgery (Diament and 
Palmer, 1966). In the first few hours after opera- 
tion, hypoxaemia is thought to be due chiefly to 
regional misalignment of ventilation and perfusion 
(Nunn and Payne, 1962; Conway and Payne, 
1963). Diament and Palmer (1967) have shown 
that, by the end of 24 hours, frank shunting of 
blood past collapsed alveoli is the dominant factor, 
although a ventilation/perfusion component may 
be demonstrated (Georg, Hornum and Mellem- 
gaard, 1967). It is known that these derangements 
need not be accompanied by radiological changes 
in the lung (Bendixen, Hedley-Whyte and Laver, 
1963; Hamilton et al., 1964). 

Although the factors which produce postopera- 
tive alveolar collapse are not fully evaluated, it is 
widely assumed that pain plays an important role 
by impairing coughing, limiting lung expansion 
(Beecher, 1933; Schwartz, Dale and Rahn, 1957; 
Mead and Collier, 1959) and reducing functional 
residual capacity (Anscombe, 1957). It is a matter 
of everyday observation that opiate analgesia, 
although administratively simple and therefore 
commonly used, may not produce complete pain 
relief. Continuous extradural nerve block has been 
shown to produce complete analgesia (Simpson et 
` al., 1961) and to facilitate better lung expansion 
(Bromage, 1955), but is time-consuming and 
demands special skill. This study was designed to 
compare the effect of these two approaches to 
postoperative pain relief on lung function with 
special reference to arterial oxygenation. 


PATIENTS AND METHODS 


Investigations were made on 2] male patients in 

the age range 21-50 years, scheduled for vagotomy 

with gastroenterostomy or pyloroplasty, but other- 
wise in good health and within + 10 per cent of 
the expected body weight. 

The patients were given morphine 10 mg, 
atropine 0.6 mg and droperidol 5 mg, 1 hour 
before operation. Anaesthesia was induced with 
thiopentone followed by suxamethonium and, 
after orotracheal intubation, maintained with 
nitrous oxide, supplemented by morphine 10 mg 
and tubocurarine. At the end of anaesthesia, the 
tubocurarine was reversed with neostigmine com- 
bined with atropine. Extubation was preceded by 
bronchial and pharyngeal suction using a Pinker- 
ton catheter. 

The operation was performed through a stand- 
ard right paramedian incision. All patients came 
from the same surgical unit and were nursed in 
the same ward. At the end of each operation, the 
patient was allocated randomly to one of two 
postoperative analgesic regimes: 

(1) Morphine 10 mg by intramuscular injection 
given on demand by the Sister or Senior Ward 
Staff Nurse. [The mean dose of morphine was 
26 mg (range 20-30 mg) on day 1 and 18 mg 
(range 10-20 mg) on day 2.] 
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(2) Continuous extradural spinal nerve block 
administered by investigators. 


At the completion of the operation, but before the 

end of anaesthesia, a catheter was inserted in the 

thoracic extradural space through the T7-8 inter- 
space. For 48 hours after operation, bupivacaine 

0.5 per cent (with adrenaline 1:300,030) was 

injected intermittently to achieve a block of the 

wound segments. In practice, the blocks achieved 
loss of pinprick sensation from segments T4 to 

T12. The volume of each injection was usually in 

the range 5-7 ml and repeat injections were made 

every 2 hours approximately. Criteria for repeat 
injections were subjective discomfort or the return 
of pinprick sensation. 

All patients had routine chest physiotherapy 
once per day after operation. This consisted of 
diaphragmatic breathing, lower costal breathing, 
percussion-assisted drainage and assisted cough- 
ing. The whole procedure lasted for about 20 
minutes. If on clinical grounds those in charge of 
the patient considered that postoperative pneu- 
monia had occurred, physiotherapy was increased 
in frequency and antibiotics were administered. 
In this context, chest infection was defined as: 

‘a) pyrexia of more than 5 hours duration 
accompanied by progressive auscultatory 
changes, or 

(b) radiological changes, or 

(c) purulent sputum plus pyrexia. 

In fact, where such a decision was reached, more 

than one of the prearranged criteria were present. 


INVESTIGATIONS OF PULMONARY FUNCTION 
Pre-operatively and on days 1, 2 and 5 after 
operation, the following were carried out: 

(1) Chest X-ray. 

(2) Arterial blood analysis: Pao., Paco, and pH. 

(3) Expired gas analysis; volume (VE), respira- 
tory frequency (f), fractional concentration 
of oxygen and carbon dioxide. 

‘4) Spirometry: vital capacity and timed forced 
vital capacity. 

Blood sampling and gas collection were per- 
formed simultaneously. All patients breathed 
room air at all times. Alveolar-arterial Po, differ- 
ence [A-a Do, (mm Hg)] was calculated as 
follows: 


E 
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A-a Do, =Po, — Pao, 
F Tog cm FE, 
FEoo, | 
(Filley, MacIntosh and Wright, 1954) 

Physiological deadspace (VD) was calculated 
using the Bohr equation and was expressed as a 
fraction of tidal volume (VT). All blood-gas values 
were corrected, where necessary, for temperature 
using the nomograms of Kelman and Nunn 
(1966). Pulmonary function tests were performed 
in an identical order and manner for all patients 
studied. All tests were made by the investigators. 
During tests, the patients were in the sitting 
position. 


where PAo, =Pio, — Paco, | 


RESULTS 


Table I presents details of the patients studied. 
At 48 hours after operation, 7 of the 10 patients 
in the morphine group and 2 of 11 in the extra- 
dural group had a postoperative pneumonia. 

Table II shows the results of the blood gas 
measurements together with calculated values for 
A-a Do, oxygen consumption (Vo,) and carbon 
dioxide output (Vco,). In terms of A~a Do,, there 
is a significant difference between the two groups 
on day 1 (P<0.02), day 2 (P<0.01) and day 5 
(P=0.01) after operation. By day 5, the mean 
value of the extradural group had returned to the 
pre-operative level, whereas the morphine group 
still showed evidence of hypoxaemia (mean A-a 
Do,=25 mm Hg). Parallel changes occurred in 
arterial Po, measurements. There was no import- 
ant difference between the groups in arterial Pco, 
measurements in the first two postoperative days, 
although the mean values after operation were 
lower than before operation. On day 5, the mean 
value for the extradural group was significantly 
higher than the mean value for the morphine 
group (P<0.05). 

An apparent fall in mean Vo, and VWco, in the 
extradural group on postoperative days 1 and 2 
(i.e. during the period of the block) was not sta- 
tistically significant when compared with the pre- 
operative mean for that group or the correspond- 
ing values for the morphine group. 

Table III lists the results of spirometry together 
with calculated Vp/Vr ratios and FEV,/FVC per 
cent. The first two postoperative days were 
characterized by a fall in tidal volume with an 
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TABLE I 
Mean age, height and weight, smoking habits and incidence of postoperative pneumonia for the two 
patient groups studied. Standard errors of the mean are given where appropriate. 

Treatment Age Height Weight Ratio Postoperative 
group Number (yr) (cm) (kg) smokers : non-smokers pneumonia 
Morphine 10 37 175 62 : 
+3.4 +1.1 +3.5 9:1 7 
Extradural li 42 176 66 
43.7 41.4 +2.3 10:1 2 
TABLE II 
Arterial Po, and Pco,, alveolar-arterial Po, difference, oxygen consumption and carbon dioxide output. 
Mean values and standard errors of the mean for morphine (M) and extradural (E) patient groups. 
Vo, VCO; 
Pao, Paro, A-a Do, (ml STPD/ (ml STPD} 
: (mm Hg) (mm Hg) (mm Hg) min) min) 
Time of — —— — 
measurement M E M E M E M E M E 
Before operation 93.0 94.8 37.1 38.3 7.8 6.6 300 325 234 262 
+3.0 +4.0 41.00 +40.5 +2.9 +42.6 +14 +26 +13 +20 
Postop. day 1 69.3 82.8 35.2 34.1 33.3 19.4 325 299 246 224 
. 44.4 +42.3 +0.9 +0.9 +4.9 44.2 425 +17 +12 414 
Postop. day 2 68.0 81.6 35.1 33.7 35.7 22.2 328 279 258 228 
+3.2 43.4 t+0.9 +0.9 +43.3 +40 +21 418 +15 +14 
Postop. day 5 83.5 92.3 33.1 36.3 25.3 6.9 313 309 263 234 
45.4 +43.3 +1.2 +0.3 +6.6 +3.2 +15 +12 +14 +16 








increase in minute volume and respiratory fre- 
quency which were similar in magnitude for both 
groups. The mean frequency of 20.7 in the mor- 
phine group on day 2 was significantly higher than 
the corresponding mean of 16.5 in the extradural 
group (0.05>>P>0.025). There was no significant 
change in Vp/Vr throughout the study. 

Both groups had a marked reduction in vital 
capacity following operation which, although im- 
proving, had not returned to the pre-operative 
values by day 5. There was no significant dif- 
ference between the groups for any vital capacity 
measurement. The mean values for FEV,/FVC 
per cent decreased following operation in the 
morphine group but increased slightly in the 
extradural group. The difference between the 
groups was significantly different on day 2 
(P<0.01). 

X-ray appearances of the lungs did not relate 
to the degree of hypoxaemia, although evidence of 
consolidation was found in some of the patients 
with clinical evidence of pneumonia. After opera- 
tion, all patients showed radiological evidence of 


gas under the diaphragm which was absorbed 
slowly, although still detectable on X-ray at 
day 5. 


DISCUSSION 


In this study, we have compared a conventional 
method of therapy for postoperative pain (mor- 
phine 10 mg by injection) with extradural block— 
a method known to abolish pain. We chose 
patients having upper abdominal incisions because 
earlier unpublished observations by one of us 
(A.A.S.) had established that this group had the 
highest incidence of postoperative pain and that 
pain was more or less continuous throughout 48 
hours following operation. We attempted to 
standardize as far as possible all other factors 
which might influence postoperative lung morbid- 
ity: weight, age, medical history, smoking habits 
and abdominal incision. 

The patients who had extradural analgesia were 
significantly better in terms of clinical assessment 
and arterial oxygenation than those who had mor- 
phine. In 1968 Muneyuki and his colleagues also 
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Tas_e III 


Tidal and minute volumes, respiratory frequency, deadspace|tidal volume ratio, vital capacity and 
FEVE VCG per cent. Mean values and standard errors of the mean for morphine (M) and extradural 
(E) patient groups. All gas volumes at BTPS. 

















VT Vz Frequency Vital capacity FEV,/FVC 
(ml) (ml) (b.p.m.) Vp/Vt (ml) per cent 
Time of oo 
measurement M E M E M E M E M E M E 
‘esha A IE AL A A AR De LL T TR e a a 
Before operation 630 667 8221 7140 135 14.0 0.298 0.244 3859 3924 80 76 
+56 +125 +561 +799 +09 41.2 40.030 +0.022 +209 +199 +2.3 +3.0 
Postop day 1 478 559 9976 8423 21.1 16.9 0.293 0.252 1232 1065 77 83 
+32 +75 +972 +600 +1.9 +16 +0.031 +0.020 +98 +198 43.9 +25 
Postop. day 2 519 542 10345 8146 20.7 16.5 0.334 0.263 1613 2035 70 8i 
+40 +64 +803 +546 +1.6 41.6 +0.035 +0.013 +112 +226 +32 +2.6 
Postop. day 5 659 642 9165 7598 15.2 13.6 0.235 0.241 2449 2450 72 74 
+81 +102 +704 +360 +41.5 +13 40.018 +0.022 4297 +492 42.2 42.7 





studying patients for upper abdominal surgery, 
compared the effect of extradural nerve block 
with intravenous pethidine carefully “titrated” 
against the patients’ pain state. Although their 
study ended at 15 hours after operation, their 
results may be compared with our findings on day 
1. They found no significant difference between 
extradural block and pethidine in terms of Pag, 
and A-a Do,. The mean values for Pao, (86.6 
mm Hg) and A-a Do, (17.9 mm Hg) in their 
extradural group are very close to the findings 
which we report (table I). On an equipotent 
basis, the dose of narcotic employed by us was 
approximately nine times that of Muneyuki and 
his col'eagues. Therefore, we conclude that our 
study highlights the unsatisfactory consequences 
of the conventional large doses of narcotics in the 
postoperative period. 

By the use of intravenous isotonic solutions, we 
were able to ensure that the extradural patients 
did not become hypotensive as a consequence of 
the technique. There exists the possibility that 
disturbance of the ventilation perfusion relation- 
ship in the lung may be aggravated in patients 
who have a partial sympathetic block. Although 
there is no evidence that this is an important 
factor in the supine patient (de Jong, 1965), it 
should be pointed out that our patients were sit- 
ting up after operation. The absence of a signifi- 
cant change in Vp/Vr during the period of the 
block is not in keeping with this hypothesis. 

We were surprised to find that the postoperative 
changes in vital capacity were similar in both 


groups. The order of the changes which we found 
in the morphine group have been reported pre- 
viously (Anscombe, 1957). Other workers have 
described a sparing effect of extradural analgesia 
on the vital capacity (Bromage, 1955; Simpson et 
al., 1961), although in both of these studies the 
selection of patients was less rigorous than in the 
present study. A possible explanation of our find- 
ings is that extradural block may produce con- 
siderable, if not complete, motor function loss in 
the affected segments. Since the lower intercostal 
and upper abdominal muscles are expiratory in 
function, there must have been a considerable 
reduction in expiratory reserve volume. Unfor- 
tunately, this was not measured. 


Our investigations ended on the 5th postopera- 
tive day, by which time mosi of the patients were 
regarded as being sufficiently recovered for 
transfer to convalescence. It is disturbing that the 
morphine group, at this stage, still exhibited 
hypoxaemia sufficient to suggest an approximate 
10 per cent increase in intrapulmonary shunting. 
We consider that this prolonged hypoxaemia and 
the possibility of long-term morbidity arising from 
such postoperative lung changes merit further 
attention. 


Our radiological studies have confirmed the 
findings of previous workers that considerable 
hypoxaemia may exist without detectable X-ray 
changes. The presence of gas under the diaphragm 
was an incidental finding and was so consistent 
that we cannot at present assess its effect. Bevan 
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(1961) concluded that pneumoperitoneum may be 
a cause of postoperative pneumonia. 

In conclusion, we have shown that the analgesic 
regime may influence the pattern of postopera- 
tive hypoxaemia. Although we accept that the 
widespread use of continuous extradural nerve 
block in routine practice is not always feasible, 
we would advocate that analgesic techniques 
should be assessed not only in terms of the sub- 
jective relief which the patient experiences but 
also their effect in reducing lung morbidity. 
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CORRESPONDENCE 


Not all crystalloid solutions are equal 


Editors,—I read with interest the article by Ruttmann, James and 
Aronson! concerning haemodilution with hydroxethyl starch and 
normal saline. However, I disagree with their conclusion that they 
have shown that haemodilution per se exerted a procoagulant effect 
ın both groups. Instead, I propose that their conclusion should be 
that they demonstrated that haemodilunon with normal saline 
resulted in these changes. They did not state that the hydroxyethyl 
starch was dissolved in 0.9% sodium chloride, although that 1s the 
usual formulation. If this were the cage, one would expect the 
changes that were found in the normal saline group to be present 
also in the hydroxyethyl starch group, just as they described. 

Normal saline has a pH of 6.1, osmolality of 308 mosmol kg’, 
sodium 10n concentration of 154 mEq litre” and chloride ion con- 
centration of 154 mEq litre’. As would be expected, post-infusion 
serum values reflected those of i.v. fluids, especially when the latter 
were admunistered rapidly.’ Therefore, after normal saline has been 
infused, there ıs an increase m serum sodrum, chloride and osmolal 
ity, and a decrease in serum pH. Administration of another crystal- 
lord, such as Hartmann’s solution, results m drfferent serum values’ 
because Hartmann’s solution has a higher pH (6.5), lower osmolality 
(273 moamol kg* calculated and 254 mosmol kg’ measured), and 
different electrolyte concentrations compared with normal saline. 

The procoagulant changes reported in their article could have 
been caused by the changes in serum electrolyte concentration, 
osmolality or pH associated with infusion of normal saline, rather 
than by haemodilution. It would be interesting to know if the changes 
m coagulation reported in this article could have been avoided by the 
use ofa different crystalloid such as Hartmann’s solution. 


E. L. WILLAMS 
Allegheny General Hospital 
Pittsburgh PA 
i USA 
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2. Veech RL. The toxic impact of parenteral solutions on the 
metabolism of cells: a hypothesis for physiological parenteral 
therapy. American Journal of Clinical Nutrition 1986; 44: 
519-551. 

3. Coran AG, Ballantine TV, Horwitz DL, Herman CM. The 
effect of crystalloid resuscitation in hemorrhagic shock on 
acid-base balance: a comparison between normal saline and 
Ringer’s lactate solutions. Surgery 1971; 69: 874-880. 


Editor,-We thank Dr Willams for her interest in our article on 
haemodilution and are grateful for the opportunity to reply. First, 
we confirm the comment that the hydroxyethyl starch is dissolved 
in 0.9% sodium chloride. Second, we ourselves considered the 
possibility that the haemodilution effect may have been a result of 
the nature of the crystalloid solution used, particularly the pH 
variability and perhaps the temperature. The original work on 
haemodilution published by Tocantins, Carroll and Holburn' sug- 
gested that the nature of the diluent solution was unimportant. 
They investigated the effect on coagulation of buffered beef fib- 
rinogen, 5% glucose, acacia, buffered 0.85% saline and imidazole 
buffer solution, and concluded that all crystalloid solutions 
appeared to exert a similar effect. We have recently completed a 
study in which a warmed (37 °C), buffered solution with a pH of 
7.4 and electrolyte content similar to that of human plasma, 
except for calcrum (Plasmalyte B), produced identical effects on 
coagulation to those seen with normal saline. Other workers in this 
field have shown that the calcium content does not appear to alter 
the observation of hypercoaguability produced by haemodilution.’ 

It would appear, therefore, that the answer to Williams’ very per- 
tinent question is that the nature of the crystalloid solunon 1s 
unlikely to alter the observed effects of haemodilution, although 
we ourselves have not examined the effects of a non-electrolyte 
solution such as 5% dextrose. 


T. G. RUTTMANN 

M. F. M. James 
Umversity of Cape Toun 
South Africa 
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Morbidity after day-case tonsillectomy in 
children 


Bditor,—Church, ın his letter’, comments on the high incidence of 
nausea and vomiting (40%) reported by Splinter and Rhine’ and 
compares this with his own experience of a less than 5% incidence 
of this unpleasant complication. Splinter and Rhine in their 
response ponder on this difference when a very simular technique 
was used by both parties. 

One explanation not mentioned ın these letters is the duration 
of surgery. I believe that it is quite likely that a British tonsillec- 
tomy is of significantly shorter duration than a North American 
tonsillectomy. We even have some surgeons who can stretch a ton- 
sillectomy and adenoidectomy to 1.5 hl 

Years ago, I noted that postoperative nausea and vomiting 
(PONV) in paediatric surgical outpatients was less common after 
operations of short duration.’ Decreased PONV associated with 
shorter anaesthesia has also been observed by Smith’ and by Fahy 
and Marshall.* There are many factors which may influence the 
incidence of PONV, all of which must be considered when con- 
ducting studies, and especially when comparing the results from 
different centres. The mfluence of more prolonged anaesthesia on 
the incidence of PONV has not received the attention that it 
deserves. 


D. J. STEWARD 
Department of Anesthesiology 
Childrens Hospital Los Angeles 
Los Angeles, CA, USA 
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Inhaled nitric oxide and the longitudinal 
distribution of PVR in ARDS 


Editor,—I should like to comment on the article by Benzing and 
colleagues’ who attempted to demonstrate the effects of inhaled 
nitric oxide on the longitudinal distmbution of pulmonary vascular 
resistance (PVR) ın ARDS. Their assertion 1s that nitric oxide 
affects pre- and post-capillary resistances with different dose 
responses, and their assumption is that both of these components 
of total PVR can be measured by analysis of the pressure-tme 
curve after inflation of the balloon of a Swan~Ganz catheter. It is 
unfortunate, especially in view of their clear exposition of the argu- 
ment as to the umportance of the differential effects of pre- and 
post-capillary resistance in oedema formation in ARDS, that these 
assumptions cannot be supported because their measurement 
technique is flawed and their data are questionable. 

Benzing and colleagues cite the work of Cope and colleagues’ to 
support the technique. These investigators propose a model of the 
pulmonary vasculature based on an analogous electrical circuit 
(fig. 1A) comprising arterial and venous resistors in series (PVR 
and PVR)» a capacitor (pulmonary capillary capacitance, C,) and 
a voltage source (pulmonary artery pressure, PAP). Disconnecting 
the voltage source (inflating the balloon) allows the capacitor to 
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Figure 1 a' Cope and colleagues’ equivalent circuit for current 
flow through the pre-(PVR,,,) and post-(PVR_) capillary 
resistances. Note that in the circuit shown, when the switch is 
opened, current from the discharging capacitor flows only through 
PVR» and the decaying voltage is described by a simple 
monoexponennal function. B: Longitudinally separate 
compliances and resistances as the basis of a revised model are 
shown. 
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discharge through the resistor, and allows the voltage to decay 
from the polarizing voltage to zero, just as pressure decays from 
PAF to pulmonary arterial wedge pressure (PAWP). For reasons 
for which there is no physical basis, the authors claim that the 
point at which the pressure changes from its rapid downstroke to 
its more gentle decay, represents pulmonary capillary pressure 
(PCP). They call this point the “point of inflection” and attempt to 
identify it by fitting a ruler through the curve by eye. 

The mathematical definition of a “pout of inflection” is the 
point on a function where the first-order derivative 1s maamum, 
that is the second order derivative equals zero. If Cope and col- 
leagues’ model is adopted, no such point exists since the discharge 
of a capacitor through a resistance (as in fig. 14) is a simple expo- 
nential function, with a time constant equal to the product of 
capacitance and 

I have modified the model of Cope and colleagues in an attempt 
to produce a more complex exponential which might possibly 
underlie Benzing’s attempt to dissect the function into component 
parts. I did this by adding another (pulmonary arterial) capacitor 
(C,) to represent the elastance of the pulmonary arterial tree, as 
shown in figure 1B, since it 18 reasonable to assume that the pul- 
monary vasculature can be represented by an array of RC units. 
From this model, the total current flow through PVR after open- 
ing the switch is given by the sum of the currents discharged from 
C, and C. 

Hence: 


(PCP,,-PAWP)/PVR,_=C,.d(PCP)/di+G,.d(PAP) dt 


where d(PAP)/di=(PAP,,-PCP,,)/C,. PVR... 

The symbolic solution to this 1s complex and so has been solved 
gradatum using a sumple MS Excel spreadsheet, to plot PAP after 
balloon inflation for different values of PVR PVR_, C, and C, 
for any given starting values of PAP and PAWP. The starting PCP 
is given by: PCP,,=(PAP,,.PVR__+PAWP,,.PVR_,)/PVR,,+PVR,,. 
The resultant time courses of PAP,, and PCP, are shown in figure 
2, where the starting pressures are set to values similar to those 
measured by Benzing and colleagues. In figure 2a, the values of C,, 
Co PVR, and PVR,, are chosen to best resemble their published 
pressure—time curve and the ratio of C, to C, is 50:1. It can be seen 
that the true starting PCP differs considerably from the pressure at 
the “point of inflection”. Note also that the actual ratio of PVR, 

“to PVR has been set to approximately 0.1 in this example whereas 
Benzing and colleagues’ estimation would be approximately 0.5. 
Only by making arterial and venous compliances and resistances 
similar, does the esumated PCP “appear” to approach the true 
value (fig. 2B) and even this is unsatisfactory because as both func- 
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Figure 2 Plot of pulmonary artery occlusion pressure (PAP) and 
pulmonary capillary pressure (PCP) vs time after occlusion. In a, 
C=0.02, C=1, PVR_=30 and PVR =3. In B, C=0.1, C=0.2, 
PVR, =3 and PVR =3. All units are arbitrary and chosen to give a 
pressure decay time course simular to that observed. 


Table 1 Estimated and actual PVR_/PVR values 





PVR,,, 

(all units arbitrary) Estimated PVR_/PVR True PVR_/PVR 
30 0.519 0.09 

15 0.371 0.166 

Other input data 

PVR, 3 

C, 0.02 

C, 1 





tions have simular time constants and boundary conditions, identi- 
fication of a “point of inflection” is even more dubious. 

It can also be shown from examination of series of these curves, 
that the estimated PVR_/PVR is decreased simply by reduction of 
PVR_, which of course obligatorily increases the actual value 
of PVR_/PVR (table 1). Therefore, it 13 possible that in the subset 
of patients identified by Benzing and colleagues, the apparent 
effect of nitric oxide in reducing estimated PVR_/PVR was ın fact 
artefactual, and mediated by a continued reduction in PVR... 

In reality, the situation is probably much more complicated than 
either Cope’s or my model can predict. Not only is the pulmonary 
circulation extremely heterogeneous (with an unknown distribu- 
tion of parallel resistances), but compliance of the pulmonary cap- 
illaries no doubt changes in ARDS and may also be affected by 
nitric oxide. This affects the kinetics of PAP decay and alters the 
position of Benzing’s “inflection point” independently of the long- 
itudinal distribution of PVR. It is also probable that the kinetics of 
the measured PAP decay are influenced by the damping properties 
of the transducer system which were modified (possibly incon- 
stantly) by addition of an air bubble. 

In summary, while the possibility exists of a differential effect of 
nitric oxide on pre- and post-capillary resistances in ARDS which 
may be beneficial with regard to transcapillary fluid flux, the data 
of Benzing and colleagues are insufficient to support it. 


A. D. FARMERY 
Nuffield Department of Anaesthetics 
Radchffe Infirmary 
Oxford 
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Editor,—-We appreciate the interesung comments of Dr Farmery 
on our method used for estimation of pulmonary capillary pres- 
sure (PCP) in ARDS patients.’ Determination of PCP ın critically 
il patients remains a subject of debate. However, most of the 
methods for PCP measurement which are used in experimental 
preparations, such as double occlusion pressure, micropuncture 
and the isogravimetric method, are not applicable in cnitically ill 
pauents. To date, the only method for estmaton of PCP in 
patients is analysis of the pulmonary artery pressure decay after 
balloon inflation. 

Visual analysis of the pressure decay curve and determination of 
the “inflection point” have been used for PCP estmation in the 
past.”” It 1s correct that m a mathematical sense, a point of inflec- 
tion on a function is a pomt where the second derivative is zero. 
(The first derivative 1s not necessarily maximum, it also may be 
minimum.) That means a mathematical point of inflection is pre- 
sent in somewhat S-shaped curves or in trigonometric functions, 
On the contrary, the decay of pulmonary artery pressure after bal- 
loon inflation ts not S-shaped but biexponential * A biexponential 
function does not have a point of inflection in the mathematical 
sense, Nevertheless, many of the authors using visual analysis of 
pulmonary artery pressure decay have named the point where the 
pulmonary artery pressure changes from a rapid to a more slow 
decay “inflection pomt”. Therefore, we have adhered to this 
nomenclature. 

Estimation of PCP by visual determination of the “inflection 
point” correlates well with other methods of PCP determination °” 
Maarek, Hakim and Chang compared the double occlusion pres- 
sure technique (P) with PCP calculated by back extrapolation of 
the exponential pressure decay (PaO) and with visual determina- 
tion of PCP from the pressure tracings (Pa0+) in isolated camne 
lung lobes during pulsatile perfusion under various experimental 
conditions.” They found that both PaO and PaQ+ were good 
estimates of P although PaO values were slightly higher (mean 
1.28 mm Hg) and visually determmed Pa0+ values were slightly 
lower (mean 0.67 mm Hg) than P,. In quasi-intact dog left lower 
lobes, Hakim, Maarek and Chang compared P, with extrapolated 
PaO derived from an inflated pulmonary artery catheter and with 
visual PaQ+ determination.” Double occlusion was performed 
manually. Pa0+ was lower than P,,. Holloway and colleagues” 
compared visual analysis of pressure decay curves by determining 
the “inflecnon point” of the pressure decay with computer-recon- 
structed curves. They found an excellent correlation between both 
methods of analysis. 

In our study, the “inflection point” was determined visually by 
placing a ruler on the rapid component of the pressure decline 
adjusted for the best fit and marking the point at which the slow 
component of the pressure profile deviated from the rapid compo- 
nent. Mathematically, a straight line was drawn through two 
points: (1) the pomt where pulmonary artery pressure starts to 
decrease after balloon inflation (Pa(0) of equation (1), see below); 
and (2) one point of the fast component of pressure decay curve at 
ume t. “Adjusting for the best fit” means that ż 1s varied ın a man- 
ner that the slopes of the straight line and the rapid component of 
the pressure decay curves are quite sumilar. When ¢, reaches a point 
on the pressure decay curve where the difference between the 
slope of the pressure decay curve and the slope of the straight line 
becomes maximum, the deviation of the pressure decay from the 
straight line becomes visually most apparent. This point is marked 
as the “inflection point”. 

The time course of pulmonary artery pressure decay (Pa(z)) and 
of pulmonary capillary pressure decay (Pc(#)) are described by 
biexponential functions’: 


Pa()=Ae"+Be™+Pv (1) 

Pe()=AK ,e“BK,e"+ Py (2) 

where Pv=left atrial pressure and A, B, a, B, K, and K,=complex 
expressions which may be derived from pre-capillary (R) and 
post-capillary (R) vascular resistances, from pre-capillary (C), 


capillary (C) and post-capillary (C,) vascular complances, and 
from the transpulmonary pressure gradient at time 0 (Pa(0}-Pv). 
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A straight line which we have drawn for PCP estimation crosses 
the ordinate (<0) at a y-value of: 
Pa(0)=A+B+Pv (3) 
The second point of the straight line at =r, has a y-value of 
Pa(t, =Ae™'+Be™'+Py (4) 
The slope s, of the straight line 1s a function of t: 
Pa(t,)—Pa(0) 
$4) =§ 6) 
1 
Replacing Pa(t,) and Pa(0) in equations (4) and (5) results in. 
Ae™+Be™'—A-B 
= (6) 
h 


The slope s,(¢,) of the pulmonary artery pressure decay at nme t, 
1s the first derivative of equation (1) at 7. 


s(t, =Age™ +BBe™ (7) 


The difference D, between the slope of the pressure decay 5,(2,) 
and the slope of the straight line s, (z,) is a function of z, (for given 
Ro Ro C» Co CX: 

Ae™* Be" -A-B 
D,(t,) = Ane" +BB- (8) 
t 
The difference between the slopes D,(t,) is maximum when the 
first derivative of D,(t,) (eqn (8)) 18 zero: 


dDs(1,)/de,=0 (9) 


Differennation of equation (8) and determinanon of t, from 
equation (9) is not trivial. Therefore, we have programmed equa- 
tions (2), (6), (7) and (8) ın a simple Excel 5 0 sheet according to 
the theoretical analysis of Bacconmier, Eberhard and Grimbert 
and have varied the values for R, Ro C,, C, and C, We then deter- 
mined the nme point £, where the difference of slopes was maxi- 
mum. Pa(z,) as an esnmate of P, was then compared with the true 
Pc(0) according to equation (2) (fig. 1). 

In our patients, total pulmonary vascular resistance (PVR=R,,,) 
varied from 90 to 350 dyn s cm” which is 0.068-0.263 
mm Hg s mi.” We have assumed that the balloon of the pulmonary 
artery catheter occludes a lobar artery. Thus the vascular resis- 
tance of the occluded vascular bed 1s approximately five umes total 
pulmonary vascular resistance (i.e. 0.34-1.32 mm Hg s ml’). 
Human data for pulmonary vascular compliances, especially in 
ARDS, are not available. Vascular compliance measurements in 
dog lung lobes have yielded values of 1.35 ml mm Hg™” and 
~0.065 ml mm Hg" kg body wt” with an arterial—capillary—-venous 
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Figure 1 Visual analysis of pulmonary artery pressure (PAP) 
decay for determination of pulmonary capillary pressure (PCP). 
A straight line 1s drawn through two points of the pressure decay 
curve (Pa(z)): (1) the point where PAP starts to decrease after 
balloon inflation (Pa(0)); and (2) one point of the fast component 
of pressure decay curve at a time ¢,. 4 18 varied in a manner that the 
slopes of the straight line and the rapid component of the preasure 
decay curves are quite similar. When r, reaches a point on the 
pressure decay curve Pa(z) where the difference between the slope 
of the pressure decay curve and the slope of the straight hne 
becomes maximum, the deviation of the pressure decay from the 
straight line becomes visually most apparent. This point 1s marked 
as the inflection point and is an estimate of PCP. Esumated PCP is 
comparable with true PCP (Pe(¢) at time 0) (see also text). 
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distribution of ~30:49:21." If vascular complance m humans 18 
similar, lobar vascular compliance would be 44.5 ml mm Hg" for 
a 70-kg patient. In ARDS, vascular compliance must be lower as a 
result of vasoactive mediators, pulmonary oedema and/or fibrosis. 

We have performed a series of calculations: Ror was set at 
0.4, 0.6, 0.8 and 1 mm Hg s mI’, Cr at 1, 2 and 3 ml mm Hg", 
with a fixed artertal-capillary-venous distribution of 30:50:20, 
and Rv/R at 0.3, 0.4, 0.5, 0.6 and 0.7. Pa(O)—Pv was fixed at 
30 mm Hg, and Pv at 10 mm Hg. 

The results of these calculations are shown in figure 2. The 
regression line between true and estimated PCP is y=0.96x with a 
correlation coefficient of 0.95. Thus estimated PCP under- 
estimates true PCP but the error is relatively smali. The observa- 
tion that PCP estimation by visual analysis underestimates true 
PCP 1s ın agreement with other studies.’ © The 95% confidence 
interval for the visual PCP determmation is ~t1 mm Hg.’ 
Therefore, we have classrfied patients as nitric oxide responders 
when PCP decreased by at least 2 mm Hg.’ 


40 ~ . 


Estimated PCP (mm Hg) 











8 T | 
0 10 20 30 40 
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Figure 2 Comparison of estimated pulmonary capillary pressure 
(PCP) and true PCP for a variety of pulmonary vascular 
resistances, vascular compliances and different longitudinal 
distmbutions of pulmonary vascular resistance. The regression line 
is y=0.96x with a correlation coefficient of 0.95. Thus estimated 
PCP slightly underestimated true PCP (mean 1.3 mm Hg). 


Reducing pulse pressure by a small container with 0.4 ml of air 
increases compliance but does not change vascular resistance or 
longitudinal distribution of pulmonary vascular resistance. More 
importantly, pressure decay between diastolic pulmonary artery 
pressure and pulmonary artery wedge pressure (PAWP) should 
not be analysed but the decay between mean pulmonary artery 
pressure and PAWP should.” Therefore, we believe that visual 
analysis of pulmonary artery pressure decay, used ın human stud- 
ies, has some limitations, but 1s a good estimate of pulmonary cap- 
illary pressure. Our data’ are also supported by our study 
demonstrating a decrease in transvascular albumin flux during 
nitric oxide inhalation.” 


A. BENZING 
Department of Anaesthesia and Intensive Care Medicine 
University Hospital Freiburg 
Freiburg, Germany 
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Intrathecal diamorphine for postoperative 
analgesia after Caesarean section 


Editor,—Husaini and Russell’ found less postoperative itching 
and sedation in women who had intrathecal diamorphine 0.2 mg 
compared with morphine 0.2 mg mixed with bupivacaine for 
Caesarean section. They concluded that “there seems little reason 
to prefer morphine to diamorphine in the UK”. I would like to 
take issue with thus conclusion. 

Diamorphine is presented only as a powder for reconstitution. 
The smallest mass of drug supplied 1s 5 mg, which must be appro- 
priately diluted, and the correct volume of solution added to the 
bupivacaine. In contrast, preservatrve-free morphine is commer- 
cially available in the useful concentration of 2 mg in 10 ml. This 
may be conveniently offered to the anaesthetist to draw up 1 mì 
(for 0.2 mg) or 0.5 ml (for 0.1 mg), to which the desired volume of 
buprvacaine can be added. In the interests of minimizing the 
potential for drug error, particularly at emergency Caesarean sec- 
tion, the opioid which 1s ready to use seems vastly preferable. 

Furthermore, morphine 0.1 mg compared with morphme 0.2 mg 
affords similar quality and duration of analgesia, with a reduced 
incidence of nausea and vomiting.’ It would be interesting to 
establish whether diamorphine 0.1 mg has a better side effect pro- 
file than morphine 0.1 mg. However, even if diamorphine at this 
lower dose were shown to confer minor reductions in itching and 
sedation, I argue that this would not outweigh the risks inherent 
in the swift, accurate and aseptic preparation of the drug for intra- 
thecal injection. 

D. M. Lavy 
University Hospital 
Queen’s Medical Centre 
Nottingham 


1. Husam: SW. Russell IF. Intrathecal diamorphine compared 
with morphine for postoperative analgesia after Caesarean 
section under spinal anaesthesia. Brinsh Journal of Anaesthesia 
1998; 81: 135-139, 

2. Milner AR, Bogod DG, Harwood RJ. Intrathecal admunistra- 
tion of morphine for elective Caesarean section. A comparison 
between 0.1 and 0.2 mg. Anaesthesia 1996; 51: 871-873. 


Editor,—Dr Levy 18 correct when he suggests there 18 a small 
potential for a drug dose error because of the necessity to prepare 
the powdered diamorphine. But, m mitigation, this is a very 
straightforward dilution, even for a harassed anaesthetist. I am also 
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grateful to him for drawing my attention to the availability of 
preservative-free morphine (2 mg in 10 ml); our pharmacy is 
unaware of its existence. Dr Levy has to consider the relative risk 
potential for an adverse outcome between diamorphine and 
morphine. Which has the greater risk to the patient—a drug dilu- 
tion error with diamorphine while under the supervision of the 
anaesthetist or delayed respiratory depression ın an unobserved 
patient? 
I. F. RUSSELL 

Department of Anaesthesia 

Hull Royal Infirmary 

Kingston upon Hull 


Editor,—We read with interest the study of Husain: and Russell’ 
comparing intrathecal diamorphine and morphine for postopera- 
tive analgesia after Caesarean section under spinal anaesthesia. We 
recognize the value of this study in demonstrating the excellent 
postoperative analgesia that can be obtamed using these drugs 
after such surgery and would encourage other obstetric anaes- 
thetists to consider using the technique in their own practice. 
Husaini and Russell suggest that intrathecal diamorphine may 
be superior to morphine for early postoperative analgesia after 
Caesarean section. Theoretically, this might be expected because 
of the higher lipid solubility of diamorphine providing a more 
rapid onset. However, their suggestions are based on the mean use 
of patient-controlled analgesia (PCA) morphine in the first 4 h 
after spinal anaesthetic; that is, an average morphine dose of 4.2 mg 
(median 2 5 mg) in those patients recetving intrathecal morphine 
compared with an average of 2.1 mg (median 1.5 mg) im those 
patients receiving intrathécal diamorphine. As stated by the 
authors, however, this result: was not statistically significant. 


Furthermore, we do not believe these small amounts of morphine ` 


to be large enough to suggest a clinically important difference 
between the two groups. We would add our concerns that the in- 
itial set-up period of PCA use may involve administration of 
demonstration doses by carers and of “try it out” doses by the 
patient. Although these “inappropriate” doses are likely to be simi- 
lar in the two groups we would recommend caution in interpreta- 
tion of the amount of PCA opioid used in this initial period. 

We would like to draw the authors’ attention to our developing 
clinical experience of using intrathecal morphine and diamorphine 
for postoperative analgesia after Caesarean section. We have intro- 
duced this technique into our unit following recent personal exper- 
ience J.H.) at the Women’s and Children’s Hospital in Adelaide, 
South Australia, where intrathecal morphine has been used suc- 
cessfully for a number of years (diamorphine is not available for 
clnıcal use in Australia). We, like Husaini and Russell, are inter- 
ested in the relative merits of morphine and diamorphine when 
used in this way. We now have an audited series of 24 patients who 
underwent Caesarean section under regional anaesthesia and 
received intrathecal morphine 150 ug (12 patients) or diamor- 
phine 200 ug (12 patients). Half of the morphine group also 
received intrathecal fentanyl 10-15 ug. Additional postoperative 
analgesia was provided with diclofenac sodium 100 mg per rectum 
at the end of surgery and 50 mg orally three times daily thereafter. 
Oral paracetamol and codeine combinations were prescribed as 
required. All patients underwent uneventful surgery and none 
required intraoperative supplementation to their anaesthetic. As in 
the author’s study, we found a higher incidence of prurius in those 
given morphine compared with diamorphine although there was 
no difference in the incidence of nausea and sedation when 
assessed by nursing staff. Postoperative analgesia, however, 
appeared to be quite different between our two groups of patients. 
Our patents are regularly assessed by nursing staff in the first 24 h 
after operation using a verbal scale (none, mild, moderate or severe 
pain). In the morphine group, 11 of 12 patients had no pain or, at 
worst, mild pain. One patient developed moderate pain and no 
patient had severe pain. None of our patients who recetved 
intrathecal morphine required parenteral opioid after operation. 
In the diamorphine group, however, six of 12 patients had mild or 
no pain but six patients had moderate or‘severe pain. Two of these 
patients had severe pain, requiring rescue morphine i.v. 

Why does our clinical experience of these techniques differ from 
the findings of Husarmi and Russell? We suspect that the answer 
lies in the way postoperative analgesia is provided and the way 
patients are assessed. When using PCA morphine, patients tend to 
dose themselves until they find their own individual level of 
acceptable pain. There is no reason to expect that this acceptable 
level of pain differs between the two groups. Therefore, one would 
expect visual analogue scores (WAS) to be similar m each group 
irrespecuve of the mtrathecal opioid used, although we accept that 
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initially these scores may differ until PCA analgesia levels are 
established. Therefore, VAS levels are of limited value in compar- 
ing the two analgesic techniques in this situation but merely reflect 
simular access to analgesia in the two groups. 

To compare the analgesic effects of the two techniques it is more 
pertinent, as in the study of Husaini and Russell, to examine the 
amount of postoperative opioid used. However, it is here where 
this study may be misleading. First ıs the provision of “as 
required” oral opioid. Although the number of patients using oral 
opioid was recorded in the study, the actual amount used was not 
documented. Thus there is uncertainty as to the total amounts of 
postoperative opioid received in several patients. Second, a large 
proportion of each group of patients failed to receive follow-up 
diclofenac on the prescribed regular basis, the reason often bemg 
that the patient felt comfortable. We feel that this influenced the 
amounts of PCA morphine administered in such a way as to mask 
any difference between the groups. Comfortable patients, dechn- 
ing diclofenac, may subsequently have become uncomfortable in 
the absence of the opioid sparing effects of non-steroidal analgesia 
resulting in increased PCA morphine use. The converse is that 
uncomfortable patients, accepting diclofenac, might then go on to 
use less morphine. Effectively, patients with good analgesia have 
been allowed to select themselves mto becoming patients with 
poor analgesia and vice versa. This obviously has an unpredictable 
effect on PCA use and results in any differences between the two 
groups being more difficult to detect. We suggest future studies of 
this type should address these problems by muting opioid avad- 
ability to PCA with, if needed, titrated, documented i.v. rescue 
doses, and where not contraindicated, non-steroidal analgesia 
should be given to all patients irrespective of the level of pain at the 
tume of dosing. This is more likely to be achieved by prescribing 
follow-up diclofenac by the oral route. We recognize the value of 
the study of Husain: and Russell in demonstranng the effective- 
ness of both intrathecal morphine and diamorphine for postopera- 
tive analgesia after Caesarean section. However, we remain 
sceptical that intrathecal diamorphine will prove as effective as 
morphine and believe further studies are required to clarify this 
issue. 

M. W. J. Cutts 


J. HOPKINSON 
Department of Anaesthesia 
Salford Royal Hospitals NHS Trust 
Salford 


1. Husaini SW, Russell IF. Intrathecal diamorphine compared 
with morphine for postoperative analgesia after Caesarean 
section under spinal anaesthesia. British Journal of Anaesthesia 
1998; 81: 135-139. 


;Editor,—I am very pleased that Drs Cutts and Hopkinson have 
-shown so much interest ın our article and in their encouragement 


of others to use intrathecal morphine or diamorphine for pain 
relief after Caesarean section. 

They point out potential problems which may have influenced 
patient PCA use in the early postoperative period and suggest that 
these problems could account for the small difference and trend in 
PCA morphine use which we observed.’ They go on to suggest 
that even if the trend towards more PCA use in the morphme 
group is true,’ it is not clinically significant. To answer these points, 
demonstration PCA doses were not grven by staff but the possibil- 
ity of “try out” doses by patients cannot be ruled out. If such 
“inappropriate doses” were used, our data suggest no difference in 
behaviour between the groups: seven diamorphine and six mor- 
phine patients used no PCA morphine in the first 4 h and another 
three patients in each group used only one dose. I would not dis- 
pute the fact that the small difference between the group average 
doses of PCA morphine used ın the first 4h period is of little chn- 
cal significance but my anxiety is directed more towards those 
patients who make the larger PCA demands (e.g. 5 mg or more in 
the first 4 h): only two women in the diamorphine group but seven 
ın the morphine group fell into this category. This difference 
between the groups in the numbers using larger amounts of PCA 
morphine just fails to achieve the usually accepted level of statusti- 
cal significance (P=0.058) but nevertheless, I would suggest this 1s 
a clinically relevant difference in the early postoperative period. 

Contrary to our findings, the audit bemg undertaken by Drs 
Cutts and Hopkinson suggests that morphine 1s superior to 
diamorphine and they wonder why their clinical experience 18 at 
odds with our study. I feel that the principal reason has been dis- 
cussed already in our original article’: the use of a PCA 1s the only 
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valid way of making a true comparison between different analgesia 
regimens. In their audit, pain is assessed on a verbal score by the 
midwives. Would different midwives at different times obtain simi- 
lar pain assessments and, if they did, would they then set ın motion 
the same response? How does the ward workload affect the 
response? It would also appear that parenteral opioids are not 
available routinely and rescue analgesia has to be provided by 
medical staff. Additionally, half of the morphine patients had 
intrathecal fentanyl and this is known to provide significant early 
postoperative analgesia but we are not told whether it was early or 
late when the difference between their morphine and diamorphine 
groups occurred. All of these individual points can introduce 
unknown confounding biases. In our study, although the doses of 
oral opioid used were not recorded it can be seen that compared 
with the diamorphine group, twice as many morphine patients 
used oral opioid but the VAS scores and PCA morphine demands 
were the same. In addition, almost identical numbers of patients in 
each group did not receive their full dose of diclofenac. 

The importance of VAS scores 18 to ensure that patients in both 
groups attain a similar level of comfort because only then can a 
true comparison between the PCA requirements be made. If one 
group has higher VAS scores for pain and lower PCA demands 
than another group, then no reliable comparison of the PCA doses 
can be made. If one group has higher VAS scores and higher PCA 
demands, then again it is difficult to compare the groups but at 
least both differences are ın the same direction and the real differ- 
ence between the groups will be greater than a simple comparison 
of the PCA demands would suggest. The fact that, compared with 
the diamorphine group, the same, or more, morphine group 
patients used ancillary drugs does not support the suggestion that 
patients in our rntrathecal diamorphine group are being “helped” 
so that their PCA demands are reduced to become equal to the 
demands in the morphine group. If anything, the contrary effect 
may be occurring. 

The problem with administration of non-steroidal drugs is 
highhghted by Cutts and Hopkinson and I would agree that 
ideally these drugs should be given to all patients in the immediate 
postoperative period, irrespective of the presence or absence of 
pam. This was our mtention but events conspired against us. 
We recognized the potential difficulties of ensuring regular admin- 
istration of non-steroidal agents in the planning stage and 
diclofenac was not our first choice. Our first choice was to use oral 
piroxicam 40 mg at the end of surgery (given as Feldene melt). 
However, we were prevented from using piroxicam by the Ethics 
Committee on the basis of information present in the data sheets 
for the two drugs: the data sheet for piroxicam specifically stipu- 
lates “Feldene is not recommended for use in nursing mothers”. 
The data sheet for diclofenac merely states that “traces of active 
substance have been detected in breast milk, but in quantities so 
small that no undesirable effects on the infant are to be expected”. 
We chose the rectal route for diclofenac to circumvent potential 
problems with nausea and/or vomiting but the reluctance of 
British women for the rectal route was just as troublesome a 
problem. 

We were most unhappy when we discovered that diclofenac had 
not been given as prescribed but the midwives countered by 
pointing out that the women who refused rectal diclofenac were 
comfortable. I can reassure Drs Cutts and Hopkinson that those 
women who did make the very high morphine demands all 
received prescribed diclofenac. Thus these women did not 
self-select and become uncomfortable because of the absence of 
an opioid sparing effect of diclofenac. 

As pointed out in our article, the doses of PCA morphine used 
in both our study groups’ were identical to the PCA morphine 
used in the diamorphine group in a previous study comparing 
intrathecal diamorphine with placebo after elective Caesarean sec- 
tion.’ Apart from the slight doubts about the early postoperative 
period, I believe that our results, taken over these two studies,'? 
indicate little difference in the analgesic propernes between 
ıntrathecal morphine and diamorphine. 


I. F. RUSSELL 
Department of Anaesthesia 
Hull Royal Infirmary 
Kingston upon Hull 
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gesic sparing effect of intrathecal diamorphine (0.3 mg) with 
spinal anaesthesia for elective Caesarean section. International 
Journal of Obstetric Anesthesia 1997; 6: 224-230. 


Flexible training and sex 


Editor,—Patricia Scriven attempts to evaluate flexible (part-ume) 
training ın anaesthesia, and records a high degree of satisfaction.’ 
She informs us that 96% of such trainees gave family commut- 
ments as the reason for wishing to train part-time; other reasons 
included “:mproved hours; disability and ill-health”. The group 
characteristics of the study include no information on the sex of 
the trainees. As a former male part-time trainee, I submit that 
without this information the article cannot be regarded as an eval- 
uation of flexible training, as all results presented are likely to be 
markedly influenced by sex. 


K. I. DORRINGTON 


University Laboratory of Physiology 
Parks Road 


Oxford 


1. Scriven PM. Evaluation of flexible (part-ume) training in 
anaesthesia. British Journal of Anaesthesia 1998; 81: 268-270. 


Editor,—Thank you for allowing me to reply to Dr Dorrington’s 
letter. The results reflected the flexible training scheme at the time 
of the survey The article recorded the evaluation of the scheme by 
all those ın it, whether male or female. As far as I am aware, there 
are no published data detailing differences in satisfaction with 
anaesthesia training in the UK and gender. 


P. M. ScRIVEN 


University of Birmingham 
Birmingham 


Induction of anaesthesia with sevoflurane 
and low-dose remifentanil: asystole following 


laryngoscopy 


Editor,—We w-sh to describe the first reported case in an adult of 
asystole during intubation after inhalation induction with sevoflu- 
rane and remifentanil 0.5 ug kg™ 

A 65-yr-old man with stable angina pectoris was admitted to 
hospital for routine coronary artery bypass surgery. He had two 
vessel disease, with mildly impaired left ventricular function. His 
admission heart rate (HR) and mean arterial pressure (MAP) were 
51 beat min’ and 100 mm Hg, respectively. He gave no history of 
pre-syncope, syncope, vasovagal reactions or hypothyroidism. His 
angina symptoms were controlled medically with atenolol 50 mg 
daily, diltiazem 60 mg tid and isosorbide dinitrate 30 mg td. These 
medications were contnued up to and including the day of 
surgery. The patient was premedicated with lorazepam 3 mg. 
Anaesthesia was induced with vital capacity breaths of 5% inspired 
sevoflurane in oxygen. Loss of consciousness occurred unevent- 
fully within 45 s, following which the inspired sevoflurane concen- 
tration was reduced to 3%. Heart rates before and after induction 
were 48 and 52 beat mn”, respectively, and MAP values were 104 
and 96 mm Hg, respectively. After loss of consciousness, rocuro- 
nium 0.6 mg kg’ was given, and remifentanil 0.5 pg kg’ was 


- administered over 90 s, followed by infusion-of 0.025 ug kg’ min’. 


Over the next 2 min, HR and MAP decreased to 40 beat min™ and 
78 mm Hg. End-tidal sevoflurane concentration at this tme was 
2.2%. Immediately after laryngoscopy, the ECG changed abruptly 
from sinus rhythm to asystole. This was confirmed by the absence 
of a radial arterial pressure trace. One precordial thump was 
delivered, which resulted in a single ventricular complex. Atropine 
0.6 mg was admunistered and followed by a second precordial 
thump, which successfully restored sinus rhythm, at a rate of 50 
beat min”, with MAP 86 mm Hg. The total duration of asystole 
was 24 s. There were no acute ST-segment changes. The remainder 
of the anaesthetic was uneventful. 

Vital capacity ınducuon with sevoflurane in adults has been 
shown to be smooth and to maintain good cardiovascular stability 
with erther no change, or an mcrease, in heart rate.'? Bradycardia 
after gaseous induction in children with 8% sevoflurane has been 
reported, possibly reflecting relatrve over-dosage.” In our patent, 
HR increased from 48 beat min” before mduction to 52 beat mn” 
after induction. The end-tidal sevoflurane concentration before 
intubation was 2.2%. Sevoflurane 1s therefore unlikely to have 
contributed to the subsequent asystole. 
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Potent opioids are used frequently to reduce the pressor 
response to intubation, particularly in patients with ischaemic 
heart disease. However, potent mu agonists, fentanyl, alfentanil 
and sufentanil, can cause bradycardia and even asystole.** The 
mechanism is most likely a result of stimulation of the central vagal 
nucleus.” There 1s mounting evidence of the potential of remifen- 
tanil to cause severe bradycardia.*’ The timing of bradycardia and 
asystole in the case described coincided with the bolus dose of 
remifentanil, implicating this as the causative agent. A major pre- 
disposing factor m the patient was combined beta-adrenergic 
antagonist and calcium channel block therapy. Both classes of 
drugs have negative chronotropic effects which can be additive °° 
Asystole occurred after potentiation of the vagotonic effects of 
laryngoscopy by remifentanil, in a patient whose sinoatrial activity 
was already severely depressed and who was unable to mount a 
balanced sympathetic response. 

This case is reported to highlight the potential of remifentanil to 
cause severe bradycardia. When given in combination with beta- 
adrenergic and calcium channel block, even a relatively low dose of 
remuferitanil, as used ın this case, can result in asystole. 


J. WANG 
S. WINSHIP 


G. RUSSELL 
CTC Unit 


Broadgreen Hospital 
Liverpool 
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Aprotinin therapy and disseminated 
intravascular coagulation after hip 
replacement 


Editor,—-We read the case report by Logan regarding a patient 
who developed disseminated intravascular coagulation after the 
use of polymethacrylate bone cement during a revision hip 
replacement and died shortly after.’ We wish to report an almost 
identical case in which the use of aprotinin resulted in correction 
of haemostatic failure. 

A 90-yr-old female known to have aortic stenosis (gradient 50 
mm Hg) and left ventricular hypertrophy underwent a left revision 
hip replacement under general anaesthesia with continuous cen- 
tral venous pressure and arterial pressure measurement. The intra- 
operative course was unremarkable apart from episodes of 
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hypotension .after induction and after cement insertion which 
required treatment with metaramsnol. Approximately 90 min after 
cement insertion and while the patient was in the postoperative 
recovery area, another episode of hypotension occurred (68/43 
mm Hg) and this was associated with a decrease in central venous 
pressure from 8 to 1 mm Hg. Inspection of the wound revealed 
blood seeping through the dressing; the wound drain had rapidly 
filled with another 450 ml of blood. A clotting screen at that tme 
revealed,a prothrombin time four times normal, activated partial 
thromboplastin time 98 s, platelet count 56x10" litre“ and haemo- 
globin concentration 8 g dl". Over the next 45 min, despite 4 units 
of FFP, 2 units of platelets and 6 units of blood, the bleeding con- 
tinued and repeat studies confirmed ongoing consumption coagul- 
opathy. A test dose of aprotinin 50 ml was administered and this 
was followed by continuous infusion at 50 ml h” for the next 11 h 
Within 40 min of commencing this therapy, clot formation was 
noted for the first tme and the requirement for blood/colloid 
replacement was reduced. In total, 17 units of blood were trans- 
fused. The rest of the recovery period was uneventful and further 
FFP and platelets were not required. ‘ 

Aprotinin is an inhibitor of proteolync enzymes, including plas- 
min. Clinical studies have demonstrated or suggested a protectrve 
effect against haemorrhage ın surgical situations which have 
inchided Itver transplantation and vascular surgery.” In this case, 
where a severe coagulopathy was associated with polymethacrylate 
bone cement and hip surgery, we observed rapid reversal of 
haemostatic fature and would advocate its use in similar circum~ 
stances, 


D. J. Hicems 

S. BRAYSHAW 
Department of Anaesthesia 
Southend Hospital 
Southend 
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response to surgery and trauma. British Journal of Anaesthesia 
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Editor,—Drs Higgins and Brayshaw were presented with a similar 
clinical scenario to the one I outlined, except that there were no fea- 
tures of myocardial ischaemia. In the case I described, death could 
probably have been avoided had it not been for the pre-emsting 
myocardial ischaemua, as it was this, rather than the coagulopathy, 
which was directly responsible for her death. They managed to con- 
trol the haemorrhage by adding aprotinin after initial administra- 
tion of clottng factors. Seventeen units of blood were admunistered 
30 the improvement did not appear to be immediate, although they 
did not state if further coagulation tests were performed. 

The use of aprotinin in this situation has not been described; all 
previous studies regarding its use in orthopaedic surgery” have 
started the infusion before the onset of bleeding and of these, two 
did not show a statistically significant reduction in blood loss.** 
Kallis and colleagues“ suggested there was a benefit if aprotinin 
was given after commencement of bleeding when fibrinolysis and 
platelet membrane glycoprotein 1b activation have occurred. The 
cause of the bleeding after orthopaedic joint surgery has not been 
as fully studied as in cardiopulmonary bypass,’ although hyperfib- 
rinolysis is known to occur and therefore aprotinin may be effica- 
cious if grven in this situation. Aprotinin 1s relatively free of adverse 
effects but is known to cause anaphylaxis,’ and in orthopaedic 
patients has caused deep vem thrombosis after operation.’ 
Therefore, I feel the use of aprotinin should be reserved as a last 
resort when admunistration of clotung factors have not stabilized 
the situation, as in this case. _ 


S.W. LOGAN 
Department of Anaesthesia 
South Cleveland Hospital 
Middlesborough 
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Laryngeal mask and tonsillectomy 


Editor,—We read with interest the letter from Dr Venn’ which 
highlighted a complication of the use of the laryngeal mask airway 
(LMA) during tonsillectomy in an adult male. He described snar- 
ing of the pilot balloon tubing by the surgeon which caused it to be 
severed and the LMA cuff to deflate dumng the surgical proce- 
dure. The consequences of such an event in the presence of intra- 
operative tonsillar haemorrhage, we agree, can be serious. 

It 18 essential, therefore, that the anaesthetist is fastidious when 
inserting the LMA after induction, ensuring that it is the correct 
size for the patient, does not rotate on msertion, remains seated in 
the midline and is adequately secured. Once inserted, it ig then our 
practice to align the flexible LMA tubing together with the pilot 
tubing in the midline over the lower incisors and lip, and secure 
them firmly, taking care to avoid any slack which would allow 
either of the tubes to drift and potentially become trapped by the 
Boyle-Davis gag or, in this case, the snare. If this technique is 
adhered to, we see no reason to resort to taping the pilot tubing to 
the main tubing of the mask. 

Indeed, this method of taping may alter the unique characteris- 
tics of the reinforced LMA that make it so adaptable in its use. 
During the manufacture of the LMA, the main tubing, which 18 
composed of silicone, 1s formed separately from the pilot tubing 
and unlike a tracheal tube, the pilot tubing 1s not incorporated into 
the main construction, as this would lead to a reduction in the flex- 
ibility of the LMA, the very nature of which makes it ideal for 
intra-oral surgery. It has also been reported that the mask may 
become obstructed by the Boyle—Davis gag; this 1s usually a result 
of the LMA being too large or too large a blade on the gag being 
selected.” f 

We cannot stress enough, therefore, that when the airway 18 
shared between anaesthenst and surgeon, both need to be extra 
vigilant to ensure amway patency. 


H. PORTER 

P. M. Barley 
Royal National 
Throat, Nose and Ear Hospital 
i London 
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Editor,—I was interested to read the report of surgical damage to 
the pilot tube while usmg a laryngeal mask for airway maintenance 
during tonsillectomy.’ Dr Venn is incorrect in asserting that this 
complication has not been reported previously, however. 

My colleague and I encountered an almost identical simaton 
during tonsillectomy on a 15-yr-old giri. In our case, the problem 
came to light when the surgeon handed the severed end of the pilot 
tube to the scrub nurse along with the first tonsil. Fortunately, the 
laryngeal mask continued to perform its function with atmos- 
pheric pressure only in the cuff, the larynx was not soiled and 
there was no evidence of airway obstruction. Therefore, we were 
able to complete the case without replacement of the laryngeal 
mask. 

An awareness of the recommendation to secure the pilot tube 
alongside the stem of the laryngeal mask, made in our report,’ may 
have prevented the further incidence of this unfortunate complica- 
ton. 


J. A. SHORT 
Sheffield 


1. Venn PJH. Use of the laryngeal mask during tonsillectomy. 
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Editor,—Thank you for the opportunity to reply to Drs Porter and 
Bailey and Dr Short on my correspondence about a complication 
while using a flexible laryngeal mask airway for tonsillectomy. 

I note that a similar complication was reported by Short and 
Melillo in 1997. I presume that in their case the pilot tube had 
sealed while being transected, thus mamtaining pressure in the 
cuff with no change in the patency of the airway. This does some- 
times occur and 1s a good reason to use a syringe to deflate the 
cuffs of tracheal tubes rather than cutting the pilot tube before 
extubation. The case I reported demonstrates that this will not 
always happen. 

While I welcome the comment made by Porter and. Bailey 
regarding vigilence when inserting the laryngeal mask for shared 
airway cases, I do not fully understand their reservations about 
taping the pilot tube to the main tube. I presume the altered char- 
acteristics to which they refer relate to possible tension on the pilot 
tube which might displace the mask during movement of the head 
and neck. While I accept that this 1s possible, if the pilot tube is 
taped without tension, and assuming the same arc exists as imme- 
diately before insernon of the Boyle—Davis gag for tonsillectomy, I 
think this is unlikely to happen. However, I entirely agree that 
avoiding any slack in the pilot tube 1s the key to avoiding complica- 
tions when sharing the airway. 

P. J. H. VENN 
Department of Anaesthetics 
Queen Victoria Hospital 
East Grinstead 
West Sussex 
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Problems in Anesthesia. Management of Acute Pam, Vol. 10, No. 1. J. A. 
Grass (editor). Published by Lippincott- , Philadelphia. Pp. 
135; indexed; whustrated. 


The utle of this volume is perhaps not entirely accurate, for while 
many anaesthetists are associated with the provision of acute pain 
management, it is really a problem for everyone involved with 
patient care and not just a problem in anaesthesia! However, by 
the development of anaesthesia-based acute pain services, it is 
often assumed that we have taken the problem under our 
umbrella. As such, one supposes that we can consider it as a prob- 
lem in anaesthesia. 

There are an ever increasing number of books available on acute 
pain management and so it was with mterest that I opened the 
cover to see what particular slant was to be taken in this small vol- 
ume which is published as part of a quarterly series. Would this 
book concentrate on a better holistic care for the patient with con- 
comitant benefits with regard to acute pain, or would it concen- 
trate on the technical aspects of care? The answer soon becomes 
apparent; a significant part of the book (more than 10%) deals 
with the economics of acute pain management in the USA, or to 
be more precise, the income that acute pain services can generate. 
The first and last chapters pamt a rather depressing picture (at 
least to me) of the development of acute pain services over the 
years that have generated income, followed more recently by a 
decline in funding and a struggle for survival. The changes in reim- 
bursement by insurers in the USA has lead to a real threat to the 
goose that so far has laid the golden eggs. The days when acute 
pain services were a useful form of mcome generation seem to be 
on the wane and physicians are clearly concerned regarding the 
impact both on the mstitution and on their own well-being. 
However, the conclusion 1s that evén if acute pain services are 
unable to generate income for a hospital or individual physicians, 
there is still a good argument for having them on humanitaran 
grounds. As such, therefore, many of our colleagues in the USA 
are now having to use the same arguments as we have for years to 
justify investment in acute pain management. 

Financial considerations aside, the remainder of the volume 
contains chapters on most aspects relating to acute pain manage- 
ment. The contents are fairly predictable as all groups of drugs and 
different techniques are covered. In general, the quality of the 
chapters is very good and up-to-date, although there 18 great vari- 
ability. While there are some excellent chapters, including those on 
pathophysiology and novel neuraxial analgesics, other chapters 
have little new to enlighten the reader. However, is ıt really fair to 
blame the chapter authors as, while there have been fascinating 
developments in the pathophysiology of pam and in the develop- 
ment of new novel analgesics, there is precious new to report with 
regard to patient-controlled analgesia? 

Overall, if one ignores the economics aspect which may not be 
of great interest to the non-US anaesthetist, this.amall volume con- 
tains a generally good series of review articles on important 
aspects of acute pain management. It ranges from simple informa- 
tion to complex considerations, and overall it is pitched at about 
the right level. While ıt may not satisfy the acute pain connoisseur, 
it will certainly be of value to the novice, particularly if they like 
“analgesic recipes” which are provided in abundance. 

M. Harmer 


Respiratory Measurement. G. HEDENSTIERNA. Published by BMJ 
Publishing Group, London. Pp. 172; indexed, illustrated. 


This book is not just about measurement; in fact, 1t makes a fairly 
good textbook of respiratory physiology. There are three major 
headings: (i) physiological principles in health and chronic disease, 
Gi) anaesthesia and acute respiratory failure and (iii) the practice 
of respiratory measurement. Thus, strictly speaking, only the third 
section, approximately half of the book, is about how to measure 
gas volumes, gas exchange and mechanics 

Certainly, a great deal of the basic physiology and measurement 
required for trainee anaesthetists is covered. The sections on acute 
respiratory distress syndrome (ARDS) are, as one would expect, 
particularly good. I enjoyed being put mght on one of my old 
favourites, “pursed lip” breathing in the emphysematous patient. 
Hedenstierna points out that the familiar explanation, that PREP 


applied in this way “stabilises” the airway, cannot be true as it 
implies an ıncreased pleural pressure and therefore, ın itself, no 
change in airway dynamics. The real explanation 1s that pursing 
the lips increases lung volume and airway calibre, slowing the flow 
rate and lessening the decrease in pressure that causes airway col- 
lapse. 

The illustrations are mostly adequate but there is a very poor 
representation of a nitrogen single breath test, which contains a 
deal of illustrator’s licence. On the same section, it seems an omis- 
8100 not to point out that the reason why the nitrogen test can be 
used to measure anatomical deadspace but not physiological dead- 
space 1s that nitrogen does not take part in gas exchange. And a 
few lines further on, 1t 18 a pity that more space is not dedicated to 
a more thorough explanation of that perennially misunderstood 
artefact, the arterial-end-ndal Pco, difference. 

Surprisingly, it is not always obvious where to look in the index; 
compliance, for instance, is listed under ventilation mechanics 
rather under the C’s. 

My major niggle is with the English in the text In common with 
all educated Swedes, Dr Hedenstierna’s spoken English is excel- 
lent. But that is no guarantee of excellently wntten scientific 
English. I just wish that the series editors (C. E. W. Hahn and A. P 
Adams) had spotted some of the many examples of poor, or at 
best, spoken English, that adorn the text. Some readers may find 
themselves, as I was, being diverted ın their reading ın order to 
search for more acceptable expressions. Editorial revision would 
have improved clarity, and probably saved a few words too. 


R. Fletcher 


Anaesthesia. Essays on uts History. J. RUPREHT, M. J. VAN LIEBIG, J. A. 
Laz anD W. ERDMANN (editors). Published by Springer-Verlag, 
Berlim. Pp. 424; indexed; illustrated. Price US$55. Dutch 
Gid. 110. 


This book is a reprint of the proceedings, first published ın 1985, 
of the Ist International Symposium on the History of Modern 
Anaesthesia held in Rotterdam in 1982. The word “modern” 1s 
significant, for few go back earlier than the 1920s. In their preface 
the editors state that the “nestors of anaesthesia” gave them sup- 
port and encouragement in their task. This unusual expression 18 
found only in the 20-volume Oxford English Dicnonary and this 
claims that ıt originates from the Homeric hero famous not only 
for his age but also for his wisdom. 

The editors have not attempted to ımpose uniformity of style 
but have allowed each speaker a free rein, a luxury that can rarely 
be afforded. The resulting variety of styles, coupled with the differ- 
ent ways in which the speakers have interpreted their briefs, makes 
absorbing reading. The essays are short, each only 2—4 pages in 
length. Some are personal reminiscences and such “witness 
accounts” often have great advantages over a historian’s analysis 
written at a later date. They tell an inside story that may not be 
recorded in formal publications, if at all. They have an immediacy, 
a sense of time and place and tell of how ideas progressed among 
those who participated. But they too have disadvantages They 
presuppose that the writers are good communicators who can 
indeed transmit a flavour of the time. More importantly, memories 
are fickle and highly selective, some more so than others. There 
may be a temptation to edit recollections ın the light of subsequent 
events. Happily, the organizers of this symposium were wise in 
their selection of contributors and few of these disadvantages are 
seen. 

Outstanding are Morris’ account of the worldwide influence of 
Ralph Waters, perhaps not always appreciated this mde of the 
Atlantic, Gray’s insight into how he came to realize the potential of 
neuromuscular block and Hunter’s personal story of the evolution 
of neuroanaesthesia. All tell marvellous inside stories, as does 
Macintosh’s account of how the Nuffield chair m Oxford was 
achieved in spite of, rather than because of, the academics, and 
almost entirely because of the vision of Nuffield himself. 
Mansfield’s “Reminiscences of anaesthesia during the Bhtz and 10 
happy years in India” is just as exciting and graphic as its ttle sug- 
gests. Several papers, including that of Vermeulen-Cranch, the 
first professor of anaesthesia in continental Europe, give insight 
into why anaesthesia in Europe lagged for so long behind that in 
Britain and America, while Killian pomts out that the 1st German 
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Anaesthesia Congress in 1927 was attended almost entirely by 
surgeons and pharmacists. Lee philosophizes on the advances of 
his time, while Hopkin uses hindsight to puzzle out why the “lytic 
cocktail” did not quite catch on. 

Other contributors have chosen to give a history of their topic 
rather than a personal account, and for the most part these are well 
done and adequately referenced from primary sources. Only one 
writer 1s a pure historian and surprisingly, his own essay eschews 
reference to original sources and quotes only from his own publi- 
cations. The breadth of historical knowledge shown by many of the 
anaesthetist~historians 1s impressive. Wilson shows how anaesthe- 
sia spread throughout Australasia exactly in the wake of creasing 
opportunities for travel to, from and within that vast continent 
Inamoto describes Hanaoka’s first general anaesthetic in Japan in 
1805 and the impacts between western and oriental medicine fol- 
lowing the Meu revolution in 1868. Haddad shows the influence 
of French medicine ın the Middle Hast brought about by the 
Napoleonic wars. Nearer home, the start of a regional society 
might not seem promising material, but Smith encapsulates the 
whole post-war scene in anaesthesia in telling ıt. Astrup’s scholarly 
account of the development of blood-gas and acid-base measure- 
ments is purely historical and makes no mention of the part he 
himself played. 

This is not a definitive history of anaesthesia nor 1s it written by 
or for historians, although the latter will find it a valuable source 
book. Rather ıt 1s by those with a keen historical sense writing for 
today’s anaesthetists, for we can only understand the present 
agaist the background of the past. Minor crincisms are that I 
should have liked more biographical data about the authors them- 
selves and that the index is unreliable 

The Rotterdam symposium was described as “the happiest meet- 
ing ever”. It has been followed by three more and by the founding, 
in USA and Britain respectively, of the Anaesthesia History 
Association and the History of Anaesthesia Society. A parallel 
development ıs that many professional historians are now spec- 
ializing in the history of medicine and making important contribu- 
tions. The ngours of historical research are no less than those of 
science, though they are rather different. This collection of essays 
shows not only the vahie of the personal story told by one who was 
there, but also the special insight into past events that can be grven 
by the amateur clinician—historian who accepts the discipline of 
historical research. There 1s a place for all. Today’s anaesthetists 
will find much in this volume that 1s enlightening, thought-provok- 
ing and enjoyable. 


A. K. Adams 


Handbook of Drug Interacnons. L. KARALLIEDDE AND J A. Henry 
(editors). Published by Arnold, London. Pp. 935; indexed. 
Price £55 00. 


This handbook is a detailed guide to the interactions that can 
occur between different drugs used ın medical and psychiatric 
practice; a considerable proportion of the text (approximately one- 
seventh) 1s devoted to interactions between anaesthetic agents and 
other drugs. Although the book contains contributions from 30 
different authors (including 19 anaesthetists), the editors have 
succeeded in imtegrating the text in a relatively consistent 
and seamless manner, so that differences in style are not readily 
apparent. 

The handbook essentially consists of 37 sections; each has a 
common format and is devoted to interactions involving a single 
drug or group of drugs. Most sections begm with a short summary 
of the pharmacology and interactions of a group of drugs, this 1s 
succeeded by a series of individually referenced monographs 
describing specrfic drug—drug interactions. Each monograph 
describes the effects of the interaction, discusses the pharmacolog- 
ical mechanisms involved, and comments on tts implications and 
clinical significance. The book has an extensive bibliography, and 
more than 2500 references are cited ın the text. 

In common with most handbooks, this volume appears to be 
primarily designed for reference purposes, rather than reading 
from cover to cover. Nevertheless, a reviewer has his duty to do, 
and in my opinion the book as a whole is well-presented and con- 
tains a great deal of extremely useful mformation. I was particu- 
larly umpressed by the sections on antibiotics, antrviral drugs and 
anticoagulants. Although many of the individual monographs 
ambitiously attempt to explain drug—drug interactions in terms of 
the biochemical or pharmacological mechanisms involved, these 
are often unknown or obscure The publishers suggest that a key 
feature of the book is the minimal use of complex pharmacological 


British Journal of Anaesthesia 


terminology. In my view, this 1s not entirely true. For instance, 
many interactions involving drug metabolism are explained in 
terms of effects on the isoforms of hepatic cytochrome P,,,; not 
all may be entirely conversant with this complex multi-enzyme 


system. 

The handbook includes the generic names of many drugs, and I 
was interested ın the editors’ approach to their nomenclature For 
some time, prescnbers of drugs (including contributors to the 
Brush Journal of Anaesthesia) have been encouraged to use their 
recommended mternational non-proprietary names. In contrast, 
this book generally uses British approved names, with the United 
States approved names in parentheses. Unfortunately, this 
approach, as ın other textbooks, is the source of some confusion. 
Thus the section on local anaesthetics contains separate mono- 
graphs for amethocamme and tetracaine, one is the British approved 
name and the other the international non-proprietary name for the 
same drug. 

The text contains several small errors At one point, gamma 
ammo benzoic acid is abbreviated to GABA; there is also some 
confusion between acetylcholinesterase, anticholinesterases and 
anticholinergic drugs. In addition, there are a relatrvely large num- 
ber of typographical errors. Nevertheless, this book contains a lot 
of reliable information and deserves a place among the established 
reference texts on drug interactions. 


T N. Calvey 


FRCA Surowa! Gunde. S. M. Yenris. Published by Butterworth- 
Hanemann, Oxford. Pp. 109; indexed; illustrated. Price 
£12.99 


I really enjoyed reading Dr Yentis’s book. It is easy to read, short 
and has a very chatty style. It also has occasional ilustrations/ 
cartoons that are a little variable and that are certainly not as good 
as the text. 

The book 1s divided into nine chapters and deals with all aspects 
of the FRCA: a good “introduction”, “how to plan revision”, “the 
MCQs”, “the essays” (only half a page as they no longer feature in 
the examination!), “SAQs” (sorry, short answer questions), 
“vivas”, “OSCEs”, “situng the exam” and “after it’s all over” are 
the chapter heedings. There is an appendix that lists some topics 
for a comprehensive revision plan and there is also a useful index. 

The book is full of sensible and helpful advice to the examina- 
tion candidate and grves excellent ideas on improving skills in all 
parts of the tests. Although there 1s httle that ıs new m the text, it is 
the collation of so much advice into one small book that makes ıt 
so attractive 

Havıng read a book of this type, there is a need for the candidate 
to ensure that they have the latest rubric from the Examinations 
Department at the Royal College of Anaesthetists, as the FRCA is 
constantly charging the goalposts. There are already some changes 
to the MCQs and OSCE for the primary examination for example, 
so ıt 18 crucial for the candidate to keep up to date and Dr Yentis 
stresses this himself in the mtroduction. 

No matter which part of the examination one 1s sitting, this 
book 1s worth reading. I expect many examiners will buy it too It1s 
a pleasant reac which should become mandatory for all exami- 
nees. Perhaps if I had been able to buy such a book, years ago, I 
would not have taken so many attempts at the Primary myselfl 


D. J. Wilkinson 


Anesthesia Equipment Manual. M. B. Sosis (editor). Published by 
Lippincott-Raven, New York. Pp. 354; indexed; illustrated. 
Price £65.90. 


This book 1s a compilation of 25 chapters, written by a group of 22 
contributing authors, the vast majority being clinical anaesthetists. 
All are Americen, and so this manual is armed unashamedly at the 
American anaesthetist. 

The editor, Mitchel Sosis, includes m his preface the statements 
“Anesthetists use what may appear to be a bewildering array of 
equipment in their daily course of providing anesthesia to their 
patients”; “The safety of an anestheused patient may depend just 
as strongly on the anesthetist’s ability to maintain proper operation 
of the equipment that is being used, as ıt does on his or her knowl- 
edge of pharmacology or physiology”; and “This handbook has 
been prepared with these pomts in mind to clearly explain and 
ulustrate the ennre spectrum of anesthesia equipment”. The 
British reader may readily agree with the first two statements, but 
the main question when reading this book 1s to decide whether or 
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not this handbook meets the editor’s aim “to clearly explam and 
illustrate the entire spectrum of anesthesia equipment”. 

Maybe it was unwise for the editor to put such a bold aim ın 
print m the opening page of the book, since ıt encourages the 
reader to find out just what 1s missing from the text. Broadly 
speaking, the book covers the anaesthetic machine itself (nine 
chapters); anaesthesia ventilators (one chapter); clinical monitor- 
ing equipment (four chapters) and then a pot-pourn of chapters 
covering equipment for the practice of clinical anaesthesia (for 
example airway management, paediatric anaesthesia, mamtenance 
of normothermia, etc) (11 chapters). 

Another “off the cuff” remark in the preface states that “Up to 
now even the works that have attempted to deal with this subject 
(anaesthesia equipment) in a comprehensive fashion were not user 
friendly”. This prompts the reviewer to compare Mitchel Sosis’ book 
with those which are already freely available, such as Dorsch and 
Dorsch’s Understanding Anesthesia Equipment, Clayton Petty’s The 
Anesthesia Machine; Ward’s Anaesthetic Equipment; and even Hutton 
and Prys-Roberts’ Monitoring m Anaesthesia and Intensroe Care, since 
the book under review devotes several chapters to monrtoring 
equipment. In fact, I was m two minds here, since I found the above 
mentioned comparator books user-friendly, even if it ıs impossible 
for any book to achieve the status of being “comprehensive”. 

Without being pedantic, some specific points can be made. The 
first nine chapters of Sosis’s book are written in conjunction with 
Clayton Petty, and they cover the same subject matter (ancluding 
inevitably many of the diagrams) as the book, The Anesthesia 
Machine, written by Clayton Petty Similarty, the chapters on clini- 
cal monitoring cannot hope to compare with the Hutton and Prys- 
Roberts’ book, which devotes 440 pages to this important topic. 
The remaining chapters, although adequate and generally well- 
written, do not illustrate the entire spectrum of anesthesia equtpment. 
This is not the fault of the individual authors, who were only fulfill- 
ing their contractual obligation. But the editor has made some sur- 
prising omissions considering that the book was published ın 1997 
and we are living in a modern electronic and computer age. 

Some examples are as follows: the first chapter on “flow meters” 
should really be headed “rotameters”; there is no mention of modern 
mass-flow control systems, as used in modern anaesthetic machines, 
for example the Engstrom ELSA, the PhysioFlex or the Datex 
Engstrom AS/3; nor are modern electronically controlled vaporizers 
adequately described. The whole description of the anaesthetic 
machine, in this book, is a parochial description of current American 
machines and past technology. Even the chapter describing conven- 
tional vaporizers makes no mention of the dangers of over-fillmg 
these devices. One could go on relentlessly. There is little or no men- 
tion of humidifiers, sterilizanon, oxygen concentrators, depth of 
anaesthesia assessment, etc. All of these topics should surely be pre- 
sent in an up-to-date textbook which claims to be “comprehensive”. 
These topics are certamly referred to in the older, competing, text- 
books referred to above. Even the chapter on electrical hazards, 
surely a well-worn subject, contams only two paragraphs on micro- 
shock and very httle on diathermy current burns. 

Perhaps this reviewer has concentrated too much on the claims 
and statements made in the preface, but that is what the book is 
going to be judged by. All ın all, I do not believe that this book adds 
a great deal to what has already been written in the other standard 
textbooks, some of which are much more up-to-date (for example, 
Ward’s Anaesthetic Equipment) and far more relevant to the British 
anaesthetist. 

One final point concerns the title of this book and, to a lesser 
extent, the titles of other sumilar anaesthetic equipment books. 
Although the title of Sosis’s book is Anesthesia Equipment Manual, 
the book is concerned entirely with the conventional inhalation 
anaesthesia machine and its associated equipment. There is no 
mention of total i.v. anaesthesia, the concept of target-controlled 
infusion or patient-controlled analgesia. Only a few lines are 
devoted to the infusion of fluids throughout the entire book and 
there is no description of drop counters, infusion pumps or syringe 
drivers. Since we are rapidly approaching the new millennium, 
surely it is time for authors either to utle their books appropriately 
or else mclude a substantial section on total i.v. anaesthesia and 
panent-controlled analgesia if they are going to use generic titles 
such as Anesthesia Equipment when publicising and describing their 
books? 


C. E.W Hahn 


Chmcal and Resuscitatrve Data, A Compendium of Acute Medical 
Data, 5th Edn. R. Dunn AnD P. Corvin. Published by 
Blackwell Science, Oxford. Pp. 204; indexed; Illustrated. Price 
£19.95. ISBN 0-86542-788-7. 
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At the beginning of their career, the anaesthetic trainee 1s pre- 
sented with what at first might appear to be an insurmountable 
task. They must master new technical skills, operate increasingly 
complex equipment and absorb and retain many facts, figures, 
protocols and algorithms. The nature of the specialty often 
requires prompt, if not immediate, acon making reference to 
library or reading room impractical. To assist the tramee, many 
anaesthetic “pocket books” and ar:de-mémotres have been pub- 
hshed. This is such a book. 

The title of this text may suggest ıt to be a reference book that 
will contain multiple tables and inumerable lists of various anaes- 
thetics, pharmacological, physiological and physiochemical values 
ranging from the mundane to the esoteric. However, as stated in 
the preface, this is a clinical text and not a comprehensive and 
exhausuve collection of data. It covers a diverse range of topics: 
anaesthesia, critical care and pharmacology, to name but a few 
The common medical emergencies are covered with treatment 
algorithms that, where comparable, are in accord with those 
offered by such bodies as the European Resuscitation Council or 
the Association of Anaesthetists of Great Britain and Ireland. The 
reference tables for physiological variables are more than ade- 
quate. Resuscitation algorithms are mcluded, as indeed they 
should be. This will inevitably present problems, resuscitation 
guidelines are revised more frequently than books, so rendemng it 
umpossible for textbooks to remain up to date. I was pleased by the 
section on local anaesthesia which, together with dermatomes and 
urotomes, gives details of appropriate agents and doses of local 
anaesthetics for partcular types of block. 

The facts are accurate and the information is clearly presented. 
The cost of this clarity is brevity, the depth is shallow. Brevity can- 
not be accounted for solely by a need to remain “pocket sized”. 
This book is significantly slimmer than many other similar texts 
and has too many blank pages. A text of this type should be topical 
and up to date. References to drugs which are of historical interest 
only, such as curare, cyclopropane and phenformin, are out of 
place. 

That this book 1s in its fifth edition 1s a testament to its previous 
success. This edition is 40 pages shorter than the previous one and 
has lost little as a result of this rimming. Most of my criticisms are 
munor; any book that attempts to condense such a diverse range of 
topics into 204 pages will never do it to everyone’s satisfaction 
The authors have not tried to reproduce a larger text in diminutive 
guise. It fills 108 niche well but ıt is not a replacement for the larger 
standard texts. It will appeal to the anaesthetic novice and other 
theatre personnel. It will be of most use as a readily available refer- 
ence source ın the back pocket, briefcase or handbag, and not 
perched on a book shelf. Its value will be determined as much by 
what the owner does with it as what it contains. This 18 of course 
true of any textbook. 


D. P L. Atherton 


Ingury m the Young. M. P. Warp PLATT AND R. A. Litre (editors) 
Published by Cambrıdge University Press, Cambridge. Pp. 
317, indexed; illustrated. Price £55.00. 


The editors state in the preface that the purpose of the book is to 
bring together current knowledge about injury in childhood. The 
contributors were asked to review experimental and empirical data 
which influence the rational management of such injuries. It 19 
aimed at clinicians and researchers who work with injured chil- 
dren. It 18 not intended as a text of paediatric trauma or as a chini- 
cal handbook. The term “injury” is used in a broad sense, 
including elective surgery, lung injury associated with ARDS, and 
neonatal chronic lung disease All but two contributions are from 
the UK, with one each from Canada and the USA. 

The 15 chapters vary in length, style and emphasis. Most can be 
read as self-contamed review articles. There are short chapters on 
“Epidemiology of trauma involving children”, “Emergency room 
requirements”, “Child deaths in the A&E department” and 
“Children’s rights and child protecnon”. There are longer chapters 
on “Immediate life support”, “Evaluation of injury”, “Wound 
healing”, “The lung after injury” and “Metabolic and endocrine 
stress responses to surgery”. Three chapters discuss various 
aspects of head injury and two chapters are devoted to burns. 
There 1s a comprehensive chapter on near drowning by D. Bohn 
from Toronto. 

There is much valuable information in this volume. It is well 
produced, with clear illustrations, extensive references and a good 
index However, taken as a whole, the content 1s somewhat dis- 
jointed. Some chapters are chiefly concerned with pathophysiol- 
ogy (“Injuries of the developing brain”, “The lung after injury”). 
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Others place more emphasis on clinical management. Some 
aspects of injury are covered in depth (for example, the two chap- 
ters on burns are excellent reviews on the acute response to ther- 
mal injury and nutritional support). Other aspects receive scant 
attention (for example, fluid resuscitanon regimens, timing of 
surgery, infection control and pain management in burns). 
Skeletal, spinal and visceral injuries are covered briefly in the 
resuscitation and evaluation chapters but are not discussed in 
detail. There 1s no chapter on transport of injured children, either 
within the hospital or between hospitals. Paediatric anaesthetists 
will be frustrated that the improvements ın paediatric pain man- 
agement of the past decade do not receive more discussion in a 
book of this nature. However, the sections of the book which focus 
on pathophysiology are a welcome stimulus to research minded 

Severe paediatric trauma cases are not common, even in a 
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regional paediatric centre. Furthermore, many patients present 
mutially to district hospitals. Few individual clinicians acquire sub- 
stantial experience of all categories of paediatric trauma. This book 
will be a valuable addition to mstitutonal and departmental 
libraries in hospitals faced with childhood injuries. Most chapters 
can be recommended to PICU consultants and traimees. 
Anaesthetusts will find some sections of the book interesting and 
useful, but there are better sources for the anaesthetic manage- 
ment of paediatric trauma. In future editions, the appeal of the 
book would probably be increased by commissioning some addi- 
tional chapters. For example, fluid resuscitation regimens have 
become a hot topic and deserve more scrutiny! It would also be 
helpful to consider the problem of running multicentre therapeu- 
tic studies, given the relatively low frequency of specific injuries in 
children. 
R. E. Sarginson 
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ERRATA 


Does speed of intrathecal injection affect the distribution of 0.5% hyperbaric bupivacaine? (BFA 1998; 81: 355-357). 

p357, Reference No. 9: The title of the reference was incorrect. It should read: 

9. Greene NM. Update and elimination of local anesthetics during spinal anesthesia. Anesthesia and Analgesia 
1983; 62: 1013-1024. 


EDITORIAL III. Mathematical coupling in medical research: lessons from studies of oxygen kinetics (BJA 1998; 81: 
118-120). 
The y-axis of figure 1a was incorrect. The correct version of figure 1 is given below. 


We apologize to the authors for these errors, which arose during the editorial process. 
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Figure I (a) Plot of 50 pairs of random numbers, x,, and y,,, between 1 and 10. (s) Using the same random number data 
pairs, a third variable x.y, the product of x,, and y,,,, is positively correlated with x,, when re-plotted. This occurs 
because of mathematical coupling. 
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